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THE AMOUNT OF BLOOD TO BE TRANSFUSED 
IN ANEMIA OF CHILDREN (BLOOD DOSAGE) * 


Ty. HALBERTSMA, M.D. 
HAARLEM, HOLLAND 


Rapidly as the advance in blood transfusion has taken place, and 
brilliant as the results have been, it must be admitted that some details 
have been more or less neglected. 

A study of the literature shows that one of the simplest questions 
still remains unanswered, viz., the exact amount of blood to be trans- 
fused. It is very important that this be determined in every case as 
exactly as is possible; because if too much is given, danger of hyper- 
transfusion becomes imminent; if too little is given, the result will 
be nil. 

Until now no method has been known by means of which one could 
determine beforehand how much blood was needed to cause a definite 
increase in the number of red blood cells. Nor could one foretell the 
degree of increase after the transfusion of a known quantity of normal 
blood. In fact, the question of blood dosage is a very vague one. While 
one author advocates a dose for infants up to 150 c.c., another says 
that a safe limit is to give up to 15 c.c. for each pound of body weight. 

It is evident that neither can be right; for it is clear that the amount 
will depend on more factors than age or weight alone. In the first 
place, the state of the patient’s blood has to be considered. A child 
with 800,000 red blood cells will need more blood than one with 
2,800,000 cells, both being anemic. Secondly, the weight of the patient 
is of importance ; a newly born infant needs less blood than a full grown 
man. Thirdly, the desired result is a factor—the higher the blood 
counts desired, the more blood is needed. Fourthly, the kind of anemia 
is also a determining factor whether the blood forming organs are 
impaired functionally, or whether the spleen and other blood reservoirs 
are hyperfunctioning, or whether there is an hydremia, or an oligemia. 

It is generally known that after transfusion the red blood cell values 
usually are increased. Investigators who have studied this effect, and 
who have tried to discover a constant rule in the changes following this 


* Received for publication, June 6, 1922. 
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procedure, always were discouraged by the fact that in certain cases the 
blood count showed the same values after transfusion as before, or were 
even found to be decreased. Their final conclusion was that the counts 
did not show any constant changes (Huck’). I wish to emphasize 
that in nearly all these cases the patient suffered from a serious disease 
of the blood forming organs (often there existed pernicious anemia) 
which distorted the results. In other cases in which this abnormal con- 
dition was not present, there can be found a constant change. I hope to 
prove in this paper that the change in the blood count is, in the main, 
parallel with (1) the body weight of the patient, and (2) the amount 
of blood transfused. 

My interest in the question of blood dosage arose from observations 
made on two little patients with anemia that were transfused at Leiden 
in 1919, and who received the same amount of blood (500 c.c.). One 
of them, a boy, aged 4 years, weighing 13.75 kg., showed after trans- 
fusion of 500 ¢.c. an increase in the number of red blood cells from 
1 million to 3.3 millions—an increase of 2.3 millions. The red blood cells 
of the other boy, aged 21% years, weighing 11.5 kg., rose from 2.2 to 
4.7 millions—an increase of 2.5 millions. These two boys, of nearly the 
same weight, showed after transfusion of an equal amount of blood 
a nearly equal rise in the number of red blood cells—the larger boy 
showing the smaller rise. 

I received the impression that in these cases the two bloods had 
been mixed, just as though they had been mixed in a vessel outside the 
body, with the restriction that the volume after the procedure was 
reduced to the volume of the patient’s blood before. I believe that the 
mechanism was as follows: After the blood of the donor has entered 
the patient’s vessels, a dilatation of these vessels takes place and the 
two bloods are mixed. Within from twenty-four to forty-eight hours 
the vessels get back their original volume, and the blood bulk is reduced 
to the volume present before the transfusion, the surplus disappearing. 


In this volume now is circulating the sum of the recipient’s corpuscles 
plus the corpuscles from the donor. 


How many corpuscles has the patient now? To answer this ques- 
tion it is necessary to estimate the blood volume of the patient. We 
know that the number varies considerably, even in the same patient, and 
therefore, it cannot be determined with great accuracy. I believe it is 
possible to base an estimation on a figure approximating one thirteenth 
of the body weight (7 per cent.) of the patient. This keeps the average 
between the figures of Haldane and Smith? (1/20) and Lucas and 
Dearing * (14.7 per cent. = 1/7). 


1. Huck: Johns Hopkins Hosp. Bull. 30:63, 1919. 
2. Haldane and Smith: J. Physiol. 25:330, 1900. 
3. Lucas and Dearing: Am. J. Dis. Child. 21:96 (Jan.) 1921. 
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My argument at first was as follows: Supposing that a child weigh- 
ing 13 kg. (containing 1 kg. of blood) needs to have the number of 
red blood cells raised from 1 million to 3 millions. This could be done 
by giving the number of red blood cells present in 1 kg. of blood with 
2 millions of red blood cells, which equals 0.4 kg. of normal blood. 
We have to transfuse 0.4 liter, or 400 ¢.c._ As such calculations proved 
to work out correctly, | formulated the problem as follows: How much 
of normal blood do we need for each kilogram of body weight to make 
the number of red blood cells increase one million? 


CGNCURRENCE BETWEEN OBSERVED RISE oF Rep BLoop CELLS AND 
THEORETICAL RISE IN TWENTY TRANSFUSIONS 





Red Blood Theo- 











Amount Cells in Rise of | retical 

No. of Weight of Millions Red Rise of 
Case Diagnosis in Kg. Blood |—————————_-’ Blood Red 

in C.c. | Before; After Cellsin| Blood 

Trans- | Trans- Millions) Cells in 

fusion | fusion Millions 
1 Anemia, hypoplastic ?............. 13.75 OO 1,0 3,3 2,3 2,4 
2 Anemia, secondary...... jassee 11.5 500 2,2 4,7 2.5 2,8 
3 Von Jaksch (syphilis)........ ..... 5.8 150 1,7 3.4 1,7 1,7 
4 Von Jaksch (sepsis)................ 6.2 150 2,3 3,5 1,2 24 
5 Anemia, secondary................. 7.11 300 1,5 3,9 2,5 2,8 
6 Anemia, secondary................. 25 350 2,1 6,2 4,1 2,8 
7 ih cncececatsessaveewse 3.7 63 2,0 3,0 1,0 1,1 
8* Wt MS a6 abAwe nes uhAlaees ue 3.8 8 ? 2,3 3,1 0,8 1,5 
9 Anemia, secondary................. 10.7 170 2,4 3,6 1,2 1,5 
10* Anemia, secondary................. 9.7 175 3,7 4,7 1,0 1,2 
11 Anemia, secondary................. 2.3 72 2.9 5,1 2,2 2.0 
12 Anemia, secondary................. | 6.28 250 1,2 4,7 3,5 2,7 
13 | ___ al RS  RRS  PR pee ire 4.55 130 2,6 4,4 1.8 1,8 
14 REE Se re on eae 8.5 160 3,4 4,6 1,2 1,3 
15 NT in ios sso akeeugs 5.77 180 ? 3,1 4,6 1,5 2,0 
16 Anemia, secondary................ 19.5 380 ? 3,3 5,0 1,7 1,3 
17 Anemia, secondary................. 7.62 230 1,6 3.6 2,0 2,0 
18 Anemia, secondary................ 3.9 & ° 28 4,5 1,7 1.7 
19 Anemia, secondary......°.......... 7.9 150 3,9 4,3 1,4 1,3 
20 Anemia, secondary................. 4.6 150 1,2 3,8 2.6 2,1 


| 
| 
| 
| 
| 





* Second transfusion in same patient. 


Considering that each kilogram of a child contains 1/13 kilogram 
of blood, and supposing that normal blood contains 5 million red blood 
corpuscles, it is evident that this quantity will be 1/5 « 1/13 x 1,000 
c.c., or 15 c.c. per kilogram. Thus we come to the thesis: In cases of 
simple anemia in which we wish to make the red blood cells increase 
1,000,000, we have to transfuse 15 c.c. per kilogram of body weight. 

To prove this, I have put together in a table the blood counts of all 
patients who were transfused at the Leiden pediatric clinic and have 
compared the rise of their red blood cells with the theoretical rise. 
Beginning with about case 6 I have even used my method to fix the 
amount of blood to be transfused, and with rather good results. 

It is obvious from this table that in most cases the number of red 
blood corpuscles nearly approached the estimated number. In only 
three cases was there any great difference. 
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In Case 4 the blood counts were too low, which may have been 
caused by the blood destruction that resulted from the septic process 
(patient died, spleen was greatly enlarged). In Case 6 the blood counts 
were too high (hydremia?). In Case 8 the blood counts were too low. 
This patient had an enlarged spleen, and possibly the dose of blood 





transfused had not rightly been committed, as there had been trouble 


in this transfusion. 

In all other cases the difference was less than 25 per cent. In 
thirteen cases it was even less than 0.3 million. 

It appears to me that the method may be of practical value for those 
who are employing blood transfusion as a therapeutic agent in cases 
of chronic anemia. In acute hemorrhages it is not necessary to make 
an estimation by this method, because the blood findings in these cases 
are without great value. Small differences always will be seen, as the 
normal blood count varies within fairly wide limits. Too low a count 


may be due to an abnormal condition of the bone marrow, or an 
enlarged spleen and liver, when the blood corpuscles are prevented from 


entering the circulation, or to a rapid destruction in these organs of the 
introduced blood. 
| Too high counts possibly may be caused by a watery condition of 
the blood of the recipient (hydremia) in combination with bad vaso- 
tonus, the normal tonus returning after transfusion, which gives 
concentration of the blood and relative rise of red corpuscles. 
It is obvious that pernicious anemia will give capricious results, as 
all these conditions may be present. 





In adults the method may serve as a guide. A person weighing 
about 70 kg. needs 70 & 15 = 1 liter of blood to make his red blood 
cells increase one million. 
CONCLUSION 


In cases of simple anemia, there exists a correlation between the 








amount of blood transfused, the body weight and the rise of red blood 
cells. A rise of one million corresponds with an amount of 15 c.c. of 


a ae Aen 8 


blood per kg. of body weight. This gives a method to estimate before- 
hand the amount of blood to be transfused, as shown in twenty cases 
from the Leiden pediatric clinic. 











THE DIAGNOSIS AND TREATMENT OF INTRACRANIAL 
HEMORRHAGE IN THE NEW-BORN 


A REPORT OF FOURTEEN TREATED CASES * 


DONALD MUNRO, M.D., anp RICHARD S. EUSTIS, M.D. 


BOSTON 


A review of the literature published on this subject within the last 
ten years leaves us with the impression that considerable confusion 
still exists as to the etiology and diagnosis of this condition, while the 
treatment advocated appears to be of rather a hit or miss type for the 
most part. We are, therefore, suggesting an etiologic classification, 
together with methods of diagnosis and treatment which have so far 
proved adequate in our hands. This is based on a series of fourteen 
treated cases, five of which ended in death. Necropsies performed 
in three of these fatal cases demonstrated that in these particular cases 
any treatment would have been unavailing. One other patient died of 
definite hemorrhagic disease with symptoms of complicating hemor- 
rhages in other organs, and the fifth patient died one month after an 
operation which gave complete relief of symptoms for two weeks. 

It is now universally admitted that intracranial hemorrhage in the 
new-born is a very common condition, that the resultant mortality is 
high, and that the resultant morbidity is probably as high and certainly 
is of more importance. Hedren,’ in an article abstracted by Frazier, 
found that intracranial hemorrhage occurred in 9.28 per cent. of 700 
infant cadavers examined by him. Schuman? states that from 2 to 13 per 
cent. of all postmortems on the new-born show intracranial hemorrhage. 
Schott * places the mortality from this cause following asphyxia in the 
neighborhood of 30 per cent., and Deluca‘ found varying degrees of 
intracranial hemorrhage in 36 per cent. of 554 infant cadavers examined 
since 1907. Warwick,® in a recent paper which was the report of a 


* Received for publication, July 7, 1922. 

*Read at the meeting of the Cambridge Medical Improvement Society, 
March 27, 1922. 

* The majority of the cases outlined in this paper have been seen by either 
one or both of us at the Boston Lying-in Hospital. 

1. Hedren, G.: Intracranial Hemorrhage in the Newly-Born, Svenska 
Lak.-Sallsk. Handl. 44:53, 1918; abstr. in Progr. Med. 1:51, 1919, and Am. 
J. Dis. Child. 18:290 (Sept.) 1919. 

2. Shuman, J. W.: Intracranial Hemorrhage in the Infant, with History 
and Necropsy and Report of a Case, J. A. M. A. 63:170 (Nov. 14) 1914. 

3. Schott: Mortality of the New-Born Arising in Labor, Arch. f. Gynak. 
2:316, 1920; abstr. in Progr. Med. 3:79, 1921. 

4. Deluca, F. A.: Jaundice in the New-Born, Semana méd. 28:45, 1921; 
abstr., J. A. M. A. 78:766 (March 10) 1922. 

5. Warwick, M.: Necropsy Findings in New-Born Infants, Am. J. Dis. 
Child. 21:448 (May) 1921. 
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study of 200 necropsies on infants dead within the first week of life, 
gives the incidence of.cerebral hemorrhage as from 43 to 50 per cent. 
Approximately two-fifths of these cases were definitely due to hemor- 
rhagic disease. The figures given by Hedren and Schuman are probably 
low, and it is safe to say that in from 35 to 40 per cent. of all infants 
dying within the first seven days of life, the cause of death will be 
found to be an intracranial hemorrhage. 

Morbidity statistics are more difficult to compile, but every pedi- 
atrician will bear witness to the frequency of Little’s disease or cerebral 
spastic paralysis in their clinics, and it is probable that at least one third 
of all such cases may definitely be traced to a birth hemorrhage within 
the skull. 

The diagnosis and treatment of intracranial hemorrhage in the 
new-born depends on two main factors: first, the etiology of the hemor- 
rhage, and secondly, the recognition of the fact that the production of 
symptoms in these cases is chiefly due to the increase in intracranial 
pressure produced by the presence of the hemorrhage, and not to the 
hemorrhage itself. 

Before considering this aspect of this condition, we wish to empha- 
size certain anatomic and physiologic peculiarities of the new-born 
which we believe are not appreciated as they should be. 


CEREBRAL ANATOMY OF THE NEW-BORN 

Certain variations from the adult anatomy of the skull and brain 
are seen in new-born infants which are sufficiently important in their 
relations to the diagnosis and treatment of intracranial hemorrhage in 
these patients to warrant repetition and emphasis here. Brindeau ® and 
others have referred to the important fact that the cerebral veins which 
join and empty their contents into the sinuses are many in number. 
Partly owing to their thin walls, but probably chiefly owing to the fact 
that their terminal segments are free and unsupported for a measurable 
distance after leaving the pia and before entering the sinus, these veins 
are extremely prone to rupture. They are most numerous and probably 
most important in the frontal and parietal regions. They are grouped 
in the immediate vicinity of all the sutures, particularly the fronto- 
parietal and the sagittal. 

The dipl6e* does not appear until the second year. Browning * 
has shown that the pacchionian bodies are absent at birth and are a 
matter of postnatal development, probably not completed until the 
twentieth year, or thereabouts. 








6. Brindeau, A.: On Trephining in the New-Born, Arch. mens. d’obst. et 
de gynee., Paris 10:103, 1918. 

7. Piersol: Anatomy 1:231, 1907. 

8. Browning, W.: The Anatomical Cause of the Frequency of Hydro- 
cephalus in Childhood, Med. Rec. 89:959, 1916. 
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The middle meningeal artery usually runs straight up the squamo- 
sphenoidal suture instead of backward, and divides into three branches 
rather than two only. The rolandic area lies adjacent to and immedi- 
ately posterior to the coronal suture and runs parallel with it. The 
fontanels, contrary to what appears to be the common opinion, are 
covered with two main layers only; the skin and superficial fascia, and 
the membranous interosseous layer of tissue which consists of fused 
periosteum and dura, it being impossible to separate the two. 


THE CEREBROSPINAL FLUID IN THE NEW-BORN 


Frazier,® in 1915, reviewed what was known at that time in regard 
to the physiology of the cerebrospinal fluid. Since then Dandy *° and 
others, working with experimental animals and hydrocephalic children, 
have confirmed the previous work, so that now our knowledge of the 
secretion, location, absorption and pressure of the cerebrospinal fluid 
rests on a firm foundation. The cerebrospinal fluid is secreted in the 
four ventricles by the choroid plexus, is distributed throughout the 
entire subarachnoid space, both spinal and cerebral, and is absorbed 
therefrom into the cerebral venous sinuses at a pressure normally equal 
to that within the sinuses. In adults the absorption takes place. in part, 
at least, by way of the pacchionian bodies. As has been pointed out 
in the previous section, the pacchionian bodies are absent at birth and 
it is, therefore, fair to assume that the possible avenues of escape for 
the cerebrospinal fluid from the subarachnoid space into the cerebral 
venous circulation are considerably diminished. This absorption in 
adults takes place at a normal pressure of from 8 to 10 mm. mercury 
which is equal to the pressure in the cerebral venous circulation. In 
new-born infants this. pressure is somewhat lower, probably between 
5 and 8 mm. mercury, although it has been placed as low as from 2 to 
5 mm. by Sidbury."! Certainly, a cerebrospinal fluid pressure of 10 mm. 
mercury or over in the new-born is not normal. This pressure varies 
directly with and is dependent on the cerebral venous pressure. A rise 
in venous pressure will cause an immediate and compensatory rise in 
cerebrospinal fluid pressure due to a decrease in the amount of cerebro- 
spinal fluid absorbed into the venous circulation. This results in an 
actual increase of fluid within the subarachnoid space and ventricles. 
[his increased intracranial pressure has been shown by one of us 


9. Frazier, C. H.: The Cerebrospinal Fluid and Its Relation to Intracranial 
Lesions, Progr. Med. 1:2, 1915. 

10. Dandy, W. E.: Experimental Hydrocephalus, Ann. Surg. 70:129, 1919. 

11. Sidbury, J. B.: The Importance of Lumbar Puncture in Intracranial 
Hemorrhage of the New-Born. Report of Case, with Recovery, Arch. Pediat. 
37:545, 1920. 

12. Munro, D.: Indications for Operation in the Treatment of Injuries 
Involving the Brain, Boston M. & S. J. 186:342 (March 11) 1922. 
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to be the basic factor in the production of symptoms following injury 
to the brain in adults. A similar train of events occurs in the new-born. 


REFLEXES IN THE NEW-BORN 


Changes in the reflex activity in the new-born, as exemplified by the 
changes in the classical deep reflexes, are frequently mentioned in the 
literature as diagnostic aides in cerebral evaluation of localization. It 
has been our experience that very little of value, other than as con- 
firmatory evidence, can be obtained by noting the presence or absence 
of the classical deep reflexes in these new-born infants. Burr,}* who 
worked with sixty-nine normal infants varying in age from 1 hour or 
offers 
us abundant support for our observation. He found that the deep and 





less to 90 days—forty-two of them being 7 days or less in age 


superficial reflexes may be present at birth but that their absence does 
not indicate disease. Among these reflexes he included the following: 
knee, achilles, chin, p!antar and abdominal. Of these the plantar was 
the most variable. 





ETIOLOGY OF INTRACRANIAL HEMORRHAGE 
These anatomic and physiologic peculiarities of the new-born, we 
believe, bear an important relation to the condition under discussion. 
A proper appreciation of them does much to explain the etiology and 
even more to clear up diagnostic difficulties, thus allowing us to 
formulate a reasonable method of treatment for this type of case. 





Various etiologic classifications have been proposed in the past ten 








years for this disease. Up to Warwick’s** proposed classification, 





which, by the way, appears to have escaped the riotice of most authors 





who wrote on this subject following the publication of her paper, the 





favorite choice was a classification dependent on the location of the 





hemorrhage. That is, the cases were classified as either pretentorial 





or subtentorial. This was recognized to be not entirely satisfactory, 





since very many of these cases coming to necropsy showed hemorrhage 





in both localities. This classification also ignored the cases which show 





at the postmortem multiple petechial intracortical hemorrhages, and 





hemorrhages about the basal ganglia and in the pons and medulla.” 





Warwick, apparently, also considered the classification according to 





location unsatisfactory, chiefly, however, because by this method hemor- 







rhagic disease as a cause of intracranial hemorrhage was not recog- 

















13. Burr, 
(June) 1921. 

14. Warwick, M.: Cerebral Hemorrhage of the New-Born, Am. J. M. Sc. 
158:95, 1919. 

15. Schwartz, P.: Birth Hemorrhages in Newly-Born, Ztschr. f. Kinderh. 
29:102 (April) 1921. 


c.. Wes Dis. Child. 21:529 
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nized. Green and Swift,’® Schloss and Comiskey,'* Soresi,’* and 
Schloss,’® all mention the possibility of a cause and effect relation 
between these two but lay no stress on it. Warwick for the first time 
proposed that intracranial hemorrhage be divided into three groups in 
such a way as to include this important condition as follows: (1) trau- 
matic from moulding of the head; (2) cases of hemorrhage due to 
congestion or stasis with rupture of veins, and (3) cases of hemorrhage 
due to a diseased condition of the fetus, including in this group hemor- 
rhagic disease and prematurity. 

We believe this to be an essentially correct method of grouping 
these cases from an etiologic point of view, but feel that asphyxia 
as a cause for congestion and stasis with rupture of cerebral veins is 
sufficiently important to demand consideration. There is, to be sure, 
little, if any, direct evidence that an abnormal increase in the carbon 
dioxid content of the blood will cause venous congestion, and as far as 
we know no evidence to show that clinically asphyxiated babies show 
this blood picture at birth. It is, therefore, incorrect to speak of any 
new-born baby as being asphyxiated from the strictly scientific point 
of view. Nevertheless, obstetricians recognize a clinical type of 
asphyxia which exists at, or before, birth to a varying degree. During 
labor a sudden change in fetal heart rate which is constant, the cessa- 
tion of pulsation in the umbilical cord, and the coming away of 
meconium are considered sufficient evidence to justify the diagnosis of 
fetal asphyxia and call for more or less radical measures up to immedi- 
ate delivery for the correction of the condition. At birth, clinically 
asphyxiated babies are cyanotic, do not start breathing well, or cry, 
and require treatment which is directed toward the artificial stimula- 
tion of respiration. Once respiration is started, the color returns to 
normal, the baby regains its muscular tone, and in the majority of cases 
remains a normal baby. It has also been repeatedly observed that these 
clinically asphyxiated babies, when they die, die from respiratory 
failure, the heart continuing to beat for some time after the respiratory 
center has definitely ceased to function, and after it will no longer 
react to artificial stimulation. Until this clinical evidence can be dis- 
proved by chemical studies of the blood of the new-born infant, there- 
fore, we must consider the baby exhibiting the above symptoms as 
asphyxiated. 





16. Green, R. M., and Swift, J. B., Jr.: Hemorrhagic Disease of the New- 
Born, Boston M. & S. J. 164:454, 1911. 

17. Schloss, O. M., and Commiskey, J. J.: Snontaneous Hemorrhage in the 
New-Born, with a Report of Nine Cases, Am. J. Dis. Child. 1:276 (April) 1911. 

18. Soresi, A. L.: Hemorrhagic Conditions in Children; Pathology; Eti- 
ology; Treatment, Arch. Pediat. 30:225, 1913. 

19. Schloss, O. M.: Etiology of Hemorrhage in the New-Born, Arch. Pediat. 
30:276, 1913. 














| 
| 
! 





278 AMERICAN JOURNAL OF DISEASES OF CHILDREN 





Is this clinical asphyxia related to congestion and stasis in the 
cerebral veins? Evidence sufficient to warrant a definite answer to 
this question is also lacking. There are, however, certain suggestive 
clinical observations. A condition of peripheral venous congestion is 
present in all of these babies as borne out by the cyanosis. Pressure 
from one cause or another on the umbilical cord, sufficient to interrupt 
either partially or completely the circulation therein, has long been 
recognized by obstetricians as a definite cause for fetal asphyxia 
accompanied by the symptoms enumerated above. 

Necropsies performed on babies dead of asphyxia show petechial 
hemorrhages and congestion of abdominal and thoracic organs.?° This 
picture has been thought to be due to hemorrhagic disease but no 
evidence to support this view has been advanced, and in the face of 
analogous pathologic findings in adults dead of- suffocation, this latter 
hypothesis is open to question. Doazan,?* in 1913, pointed out the 
relationship between asphyxia and intracranial hemorrhage and Man- 
ton ** mentions the findings of punctate subcortical hemorrhages at a 
necropsy on a patient dead of suffocative asphyxia and quotes some 
hgures to show that children asphyxiated at birth show a higher per- 
centage of abnormal nervous development in later life. Bailey *° also 
mentions it as a cause of hemorrhage, as does Strachauer ** but it 
remained for Schwartz ** to put it on a definite basis, as the result of 
careful microscopic examination of the brains of thirty infants with 
histories of asphyxia. These showed, in the early cases, punctate 
hemorrhages all through the brain, and in later cases softening in 
localized areas. Schott* also publishes some interesting statistics on 
the morbidity relations of asphyxia and idiocy, epilepsy and the like. 

\s shown above, these asphyxiated babies die of respiratory paraly- 
sis. A further analysis of this picture reveals a close similarity to 
the condition seen in persons dying from what is recognized as 
medullary edema. This is most commonly seen as the terminal stage 
of the sequence of events brought on by a severe injury to the brain in 
adults. The primary stage in this adult condition is congestion and 
stasis of the cerebral venous circulation.’* Cerebral venous pressure and 
cerebrospinal pressure increase synchronously, a rise in the first caus- 
ing an immediate and relatively equal rise in the second.**: 7" Excessive 
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cerebrospinal hypertension causes death from respiratory paralysis due 
to medullary edema. 

It has been our impression that by far the greater number of sub- 
jects showing symptoms—not necessarily fatal—from intracranial 
hemorrhage can be demonstrated to have been suffering from a definite 
degree of either intra-uterine or intrapartum asphyxia. 

In view of this indirect evidence and because clinical asphyxia has 
come to be a condition commonly diagnosed both in the fetus during 
labor and in the new-born infant immediately after delivery, we feel 
that asphyxia should be given at least a temporary recognition as an 
etiologic factor in the production of intracranial hemorrhage in the 
new-born and propose, therefore, to modify Warwick’s classification in 
such a way as to include such cases in a separate division. Since we 
have done this, we have found that the number of cases of intracranial 
hemorrhage which might properly be classed as traumatic in origin is 
relatively quite small. Nevertheless, as long as fracture of the skull 
occurs, and as long as there continues to be a tearing of the sinuses 
and meninges by excessive overlapping of the sutures, so long will it 
be necessary to classify certain of these cases as strictly traumatic in 
origin. Our classification is as follows: 

1. Traumatic group—hemorrhage caused by excessive molding of 
the head and overriding of the sutures. 

2. “Asphyxia” group—hemorrhage caused by excessive cerebral 
venous congestion with rise of intracranial pressure. 

3. Fetal disease group—the hemorrhage in these cases having no 
relation to the labor, but being most commonly caused by hemorrhagic 
disease and rarely by syphilis or other toxemias. 


DIAGNOSIS 


In the diagnosis of intracranial hemorrhage in the new-born, we 
have come to rely on three main criteria. These are the history and 
physical examination, the measurement of the intracranial pressure by 
spinal manometer, and the determination of the coagulation and bleeding 
time. By the proper evaluation of findings under these three headings 
we feel that we are able to sort out our cases according to the etiological 
classification just proposed, and are thereby prepared to suit our treat- 
ment to the case rather than, as has been done in the past, endeavor 
to suit the case to a given method of treatment. 

Hemorrhagic Disease Cases—The simplest cases to classify for 
treatment are those of hemorrhagic disease of the new-born,.in which 
the intracranial hemorrhage is merely a symptom of a more extensive 
pathologic condition. A great deal of work has been done on the 
diagnosis and treatment of this condition in recent years, and while 
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even now the causation and pathology are not clearly understood, we 
can, nevertheless, diagnose it with fair accuracy and treat it efficiently. 
The diagnosis, at present, rests on the determination of an increase 
in the bleeding and coagulation times of the blood of the infant. 
Rodda ** not only determined the normal times, but also devised a 
method for carrying out this procedure that is simple, quick and suf- 
ficiently accurate. It is not necessary to go into the details of this 
method, except to say that it depends on the observation of the length 
of time a wound of given depth will bleed, and also on the length of 
time it takes a drop of blood to clot sufficiently to hold a small lead 
shot from moving within it. The normal bleeding time for the new- 
born is from two to five minutes, and the normal coagulation time from 
five to nine minutes. Cases of intracranial hemorrhage showing a 
prolonged bleeding and coagulation time should be classed and treated 
as hemorrhagic disease cases regardless of other physical findings or of 
the history. Intracranial hemorrhage due to syphilis or other toxemias 
may occur, but is very rare. Hedren’ in a study of 700 infant 
cadavers found only three to be syphilitic, while intracranial hemor- 
rhage was present in more than 9 per cent. 

Traumatic Cases—The diagnosis of traumatic intracranial hemor- 
rhage should be made only in cases with a definite history of trauma. 
Many cases, but unfortunately not all, will show evidence of trauma 
on examination. Depressed and comminuted fractures of the skull, 
with or without laceration of the brain, present no great difficulty in 
diagnosis. Laceration of the meninges, tearing of the sinuses, or the 
cerebral veins entering the sinuses, on the other hand, present a more 
difficult problem. Here the history is of value. - A large head, a small 
pelvis, a precipitate or long protracted labor, or other obstetric compli- 
cation requiring excessive molding of the cranial bones, are of impor- 
tance as evidence. If combined with this history there is manometric 
evidence of a marked increase in cerebrospinal fluid pressure and 
possibly blood in the cerebrospinal fluid in large amounts, the diagnosis 
can be made with probability. We do not believe that subdural punc- 
ture as suggested by Green,?* Simmons,?* Gilles,?® and Doazan,?* is 
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either an accurate or a justifiable procedure in this or any other type of 
intracranial hemorrhage. It is difficult for us to conceive of a strictly 
subdural hemorrhage so large in amount as to be recognized by this 
method, which would not be subarachnoid, in part at least, and we 
believe that the chances of making a subdural rather than a sub- 
arachnoid puncture by the method described are very small. It is also 
unjustifiable because any subarachnoid hemorrhage will show in the 
cerebrospinal fluid at lumbar puncture, and, in addition, if at the same 
time, a manometric measurement of the cerebrospinal fluid pressure 
is made during this lumbar puncture, an accurate picture of the amount 
of intracranial hypertension is obtained; an important piece of infor- 
mation which cannot be obtained easily in any other way. Visual 
inspection of the fontanel following incision of the scalp, as recom- 
mended by Towne and Faber,?** who quote Murphy’s original article in 
which this procedure was first recommended, does not appeal to us 
either, although it has not the objections that apply to subdural punc- 
ture. At best, only a very limited area is open to inspection, and 
information obtained by this method is available by lumbar puncture in 
addition to other more valuable evidence. 


“Asphyxia” Cases—Cases of intracranial hemorrhage due to 
so-called asphyxia occurring either during labor or during delivery, 
will, we believe, come to be recognized as the largest class of intra- 
cranial hemorrhage cases in the new-born. In reviewing the literature 
for the past ten years, it is striking how few cases are reported in 
which there were any but massive hemorrhages within the skull. This 
was noticeable not only in those case reports which had to do with the 
treatment of the condition, but also in the necropsy reports. In view of 
our observations, we cannot but believe that many cases of intracranial 
hemorrhage in the new-born causing nonfatal symptoms have previously 
been allowed to progress for the most part undiagnosed and untreated. 
Schott * published some extremely interesting figures in regard to the 
morbidity following asphyxia at birth. Two and four-tenths per cent. 
of cases showing permanent central nervous system changes in later 
life gave a history of temporary asphyxia at birth. Asphyxia result- 
ing from pressure on the cord, premature birth before twenty-eight 
weeks, and pressure on the infant’s brain, raised the early mortality to 
around 30 per cent. This work is confirmed by Schwartz *° who reports 
a series of necropsies on thirty infants all of whom suffered from 
asphyxia during labor or delivery. 

The diagnosis in these cases depends on the finding of increased 
intracranial pressure by manometer, microscopic blood in the cerebro- 
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spinal fluid, and a history of a prolonged or dry labor, deep anesthesia 
or prematurity. At the end of a few hours or days these babies nurse 
poorly or not at all, and have a peculiar shrill cry. These are the only 
symptoms that we have found to be at all constant. The classical 
symptoms of cyanosis, convulsions, spastic and flaccid paralysis, cranial 
nerve palsies, nystagmus, and bulging fontanels may all be either 
present or absent according to the individual peculiarities of the case. 
““Asphyxia” may be either intra-uterine or intrapartum. It may be 
caused by a prolonged labor due to dystocia of any sort, pressure on 
the umbilie 1 cord, rigidity of the mother’s soft parts,’* dry labor, 
prolongation of the interval between the birth of the head and the after 
coming shoulders, thus permitting two-thirds of the body to be sub- 
jected to intra-uterine pressure while one-third is subjected to atmos- 
pheric pressure,!° contraction of the placental site with overlapping 
of the contracting uterine fibers and resulting diminution in the size 
of the placental sinuses and impaired oxygenation of the fetal blood,*° 
and prolonged anesthesia of the mother, which are some of the causes 
not inherent in the fetus itself. Prematurity and congenital heart 
disease have been mentioned as causes belonging to this latter class.** 
This “asphyxia,” from whatever cause, raises the cerebral venous 
pressure and produces a venous congestion. This rise in venous 
pressure decreases the amount of absorption of cerebrospinal fluid, and, 
as the secretion of this fluid is still going on in a closed space, causes 
a rise in intracranial pressure. This intracranial pressure rise pro- 
duces more venous congestion in addition to an actual injury to the 
brain tissue,*! thus establishing a vicious circle. At some point in this 
circle the venous congestion becomes sufficiently. great to rupture one 
or more of the cerebral veins. This may occur in the meninges or in 
the substance of the brain itself, or in both locations. The primary 
cause of the rupture of the vein, and consequently of the hemorrhage, 
is the “asphyxia.” The cause of the symptoms is the intracranial 
hypertension.'2 The symptoms may be exaggerated and made more 
severe by adding an intracranial hemorrhage to an acute hydrocephalus, 
but treatment of the hemorrhage alone will do nothing toward. the 
relief of the hypertension, while, on the other hand, relief of the 
hypertension will probably prevent further hemorrhage and also pro- 
mote proper absorption of whatever hemorrhage there may be that may 
have already taken place. This intracranial hypertension may be 


measured by the spinal manometer, and according to its degree lends 
itself to very definite methods of treatment. 
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INTRACRANIAL HEMORRHAGE 


SYMPTOMATOLOGY 


Increase in Intracranial Pressure——All victims of intracranial 
hemorrhage of the new-born are suffering from a complicating acute 
hydrocephalus, whether the hemorrhage is due to “asphyxia,” to hemor- 
rhagic disease or to trauma. Whatever the symptoms in these cases, 
they are made worse and carried to a fatal result only by virtue of the 
increase in intracranial pressure. Treatment directed toward removing a 
tresh hemorrhage from within the skull cavity will be successful only 
under the most favorable conditions; namely, a small clot on the sur- 
face of the brain or within the meninges, which can be localized previ- 
ous to its removal, and which is so situated in relation to the skull that 
its removal is surgically possible. Only under these conditions can 
we possibly hope to treat successfully the hemorrhage itself. If, while 
doing this, we happen to make a sufficiently large opening to decompress 
the brain, then we may also, by chance, treat the underlying intra- 
cranial hypertension, which untreated, frequently causes the patient’s 
death. If, on the other hand, we definitely attempt to treat the intra- 
cranial hypertension, we may prevent the death of the patient even 
though the hemorrhage itself be untreated. With the patient alive there 
is a chance that the clot will absorb and cause no symptoms in later 
life. Analysis by Frazier,** of Warwick’s ** reported series shows eight 
cases that might possibly have been surgical as against ten that were 
definitely nonsurgical from the operative point of view. Schwartz’s ** 
series of thirty cases were all such as to preclude any possibility of 
removing the hemorrhage. The cases of ventricular hemorrhage 
reported by Ballantyne ** were all nonsurgical from the point of view 
of treating the bleeding, while 16 per cent. of the cases of intracranial 
hemorrhage studied by Hedren* were also definitely nonsurgical. 
Frazier ** states that in the vast majority of these cases the hemorrhage 
is bilateral and consequently not subject to operative intervention. 
From the other point of view, the cases in which an attempt has been 
made to drain or remove the hemorrhage have been successful only in 
part, and even those cases reported as cured following operation can 
only be considered as temporarily cured until the children have grown 
old enough to demonstrate that they are normal mentally; a matter 
of at least five years, and a condition which has not been fulfilled in 
any of the “cured” cases. Drainage of the clots as performed by 
Simmons,”* Green,?? Gilles,?® Cumston,*® and others without question 
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only removed a portion of the hemorrhage, and it is fair to say that 
11 those cases in which the coronal suture was incised, the decom- 
pressive effect probably had quite as much influence as the actual 
removal of the blood itself. Removal of the clot through an osteo- 
plastic flap is followed, in spite of the accompanying decompression, 


by a practically prohibitive operative mortality. To date this has been 


performed eighteen times with eight operative recoveries and as yet ‘it 
| 


is still too soon to be able to tell whether or not there has been any 
permanent injury to the central nervous system in these latter cases. 
On the other hand, lumbar puncture has been practiced by Doazan,” 
Lippman,*® Brady,*’ Sidbury,'' Foote,** Conti,*® Vaglio,*? DeStefano,* 
Gilles,*® Green,?* and Strachauer ** with certainly a degree of success 
which is equal to that attained by other methods, and not, as might 
be supposed, limited to hemorrhages situated below the tentorium. 
Although Sidbury,’! Strachauer,?* and DeStefano *' were the only 
ones to emphasize the importance of this procedure from the point of 
view of intracranial pressure, and Sidbury™ was the only one who 
published his measurements of this pressure, nevertheless, the result 
accomplished was the same in all cases. It must, therefore, be evident 
that from every point of view the important diagnostic point in all these 
intracranial hemorrhage cases is the determination of the presence and 
the degree of increase in the intracranial pressure, and the localization 
of the hemorrhage sinks to a place of secondary importance beside 
this important evidence. 

Supratentorial and Infratentorial Hemorrhage—Typical cases of 
either supratentorial or infratentorial hemorrhage will show signs and 
symptoms peculiar to their respective locations. These occur, however, 
only in characteristic cases in which the hemorrhage is located in the 
meninges and strictly limited by the tentorium. The infratentorial 
cases which fall within these limitations run a course that is com- 
parable to that which is recognized in adults as being due to com- 
pression and edema of the medulla of a very acute type. The patients 
are listless, cyanotic and may show convulsive respiratory seizures with 
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rhythmic or Cheyne-Stokes breathing. The pulse is at first slow and 
bounding and later becomes very rapid and feeble. There may be 
cranial nerve paralyses, but there is not usually a somatic motor nerve 
involvement, nor any bulging of the fontanel. These symptoms are 
due not to the hemorrhage, but rather to the pressure exerted on the 
medulla and pons by the presence of the hemorrhage in this particular 
locality combined with an acute intracranial hypertension. 

‘Typical supratentorial cases in which the hemorrhage is located 
entirely above the tentorium pass through two stages if allowed to 
progress without treatment. In the first stage the children are restless, 
crying and fussing a great deal with usually a spastic paresis or par- 
alysis. This condition is followed by spastic convulsions, either general- 
ized or local, which are usually ushered in with a shrill cry. There 
may be cranial nerve palsies, most frequently seen as a paralysis of 
the facial, the abducens, or the hypoglossal. The fontanel is often 
tense or, at least, bulging. These symptoms are due to an edema and 
compression of the cerebral hemispheres, which are the result of the 
increase in the intracranial pressure and only secondarily due to the 
presence of the hemorrhage itself. If untreated, this condition pro- 
gresses to compression and edema of the medulla, and the picture 
changes to that seen in typical infratentorial hemorrhages. Lumbar 
puncture in both these conditions shows an increase in intracranial 
pressure. Cerebrospinal fluid removed by lumbar puncture in the basal 
cases shows a concentrated mixture of blood with the fluid. In the 
supratentorial cases, this same condition may be present but usually the 
fluid will show only a tinge of color. 

Reflexes and Localizing Signs.—In general, it may be said that the 
functional possibilities of the central nervous system depend on the 
medullation of the axone tracts.*? 

Those axones which enable the spinal cord to act as an organ per se 
acquire their medullary sheaths earlier than those having connections 
with the brain. In other words, the simpler reflex actions are acquired 
before the more complicated suprasegmental combinations. At birth 
all of the spinal cord fasciculi are medullated except the spino-olivary 
and corticospinal or pyramidal tracts.4? These latter tracts become 
medullated scmetime between the ninth month of intra-uterine life and 
the end of the second year. Normal voluntary muscular control is, 
therefore, acquired after birth. The most useful localizing signs in the 
iesions of the brain, other than those requiring the introduction of the 
higher associational centers, are demonstrable as alterations in the reflex 
arcs; as, for example, the increase or the loss of a tendon reflex, or 
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as alterations in voluntary muscular control, demonstrable as more or 
less limited spastic or flaccid muscular paralysis. It has been shown *% 
that the normal reflex activity of the new-born, up to seven days, is 
so variable that alterations in it cannot be considered pathologic, and 
this, therefore, can be of no constant value in the localization of lesions 
in the brain. Medullation of the pyramidal tract may not be completed 
until the end of the second year of life. Normal voluntary motion of the 
skeletal muscles in the new-born is, therefore, at a minimum. Abnormal 
voluntary motions, or an abnormal lack of voluntary motion, due to a 
circumscribed cerebral lesion, such, for example, as a clot over one 
rolandic area, which in the adult would produce a monoplegia or hemi- 
plegia, in the new-born might produce no demonstrable change in the 
pyramidal tract control, and could not, therefore, be localized A larger 
clot on the brain of the new-born, covering the entire cortex of one 
hemisphere, for example, even in the absence of an accompanying 
intracranial hypertension—an impossible condition, of course—by virtue 
of its extent and consequent massive irritation might create a sufficient 
amount of stimulus to irritate even a nonmedullated pyramidal tract. 
This in the new-born would show as a hemiplegia, while in the adult 
it would produce a much more complicated picture. In the former 
case, one would be tempted to localize the irritation about the cortical 
motor area, while in the latter case it would be apparent that the lesion 
could not be circumscribed to that extent. Motor paralyses and reflex 
changes in the new-born, therefore, are of doubtful value from the 
point of view of cerebral localization, and dependence on these signs 
may lead one into diagnostic errors which may result in mistaken or 
incomplete methods of treatment. Sensory changes of central origin 
and certain cranial nerve palsies require cooperation of the patient for 
their detection, a condition which cannot be fulfilled in these patients. 
Other cranial nerve involvement, such, for example, as shown by paraly- 
sis of the facial, the oculomotor, and the hypoglossal supply can be 
demonstrated successfully in the newborn, but such paralyses are of 
very little value from the diagnostic point of view, unless other evidence 
is present which will help to place the causative factor above or below 
the tentorium. Other signs, such as changes in the eyegrounds, alter- 
ations in blood pressure, and alterations in the respiratory and pulse 
rates, are either inconstant, or so difficult to obtain as to make them of 
little practical value, and, in any event, these changes are due not to the 
hemorrhage but rather to the underlying increased intracranial pressure 
which can be more accurately demonstrated in other ways. 

Lumbar Puncture in the New-born——Lumbar puncture in the new- 
born would appear to be an extremely simple matter. It has been our 
experience, however, that it presents technical difficulties which make it 
a much more troublesome procedure than in the adult. From the point 
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of view of a successful puncture, the most important person involved 
in the procedure, other than the patient, is the one who holds the baby. 
It is impractical and unnecessary to use local or other forms of 
anesthesia in these cases, and this person, therefore, must be com- 
fortably and firmly placed so that the movements of the baby during 
the operation can be controlled properly. The baby should be placed 
on its left side with the spine arched. This is accomplished by drawing 
the head and the knees together as far as possible without causing 
interference with the respiration. The spine should be horizontal, and 
the vertebral spines parallel with the table. In our experience the 
puncture may safely be made in either the third or fourth lumbar 
space. Punctures at a lower level than the fourth lumbar space are 
very much more difficult. Bleeding from the trauma of the needle we 
have found to be very common unless particular pains are taken with 
the technique. We believe this to be due to injury to the spinal veins. 
These are divided into two plexuses lying more or less in the midline, 
one on the outer aspect of the posterior portion of the dura in a line 
with the vertebral spines, and the other on the anterior aspect of the 
anterior layer of the dura between it and the posterior aspect of the 
vertebral bodies.** Puncture made in the line of the vertebral spines 
frequently results in hemorrhage from the posterior plexuses while 
insertion of the needle to so great a depth as to traverse the entire 
subarachnoid space from behind forward with resultant wounding of 
the anterior layer of dura also causes hemorrhage due to laceration 
of the veins of the anterior plexus. We have, therefore, adopted the 
method of inserting the needle from one side of the median line in a 
medialward and upward direction, and take great pains to make sure 
that it shall not be inserted to too great a depth. The size of the 
needle, within limits, makes very little difference. We use with satis- 
faction as large a size as fourteen gauge. Care should be taken to 
see that the needle is short pointed with sharp edges and point, as 
otherwise it is difficult to pierce the flimsy arachnoid of these new-born 
infants. Spinal manometric readings normally are below 10 mm. 
mercury and probably average around 6 mm. Respiratory fluctuations 
of pressure are visible in the manometer. 


TREATMENT 


Treatment of intracranial hemorrhage in the new-born depends 
primarily on the successful etiologic classification of the individual 
case, and secondarily, on the recognition and treatment of the increased 
intracranial pressure that is present in every case. 
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Intracranial Hemorrhage of Hemorrhagic Disease Origin —Intra- 
cranial hemorrhage cases in which the bleeding is but a symptom of a 
general hemorrhagic diathesis, can be and should be recognized by an 
increase in the bleeding and coagulation times of the blood. Any case 
of intracranial hemorrhage in a new-born infant may fall into this class 
regardless of the presence or absence of other confirmatory symptoms. 
It is, therefore, necessary to determine the bleeding and coagulation 
times in every intracranial hemorrhage case in order that this type of 
case may receive appropriate treatment. This treatment in its broadest 
aspects requires the administration of normal blood either subcutane- 
ously or intravenously. Both methods have been strongly recommended 
and have entirely replaced the older methods of administering rabbit 
serum, hemostatics, and the like.'"® Ashby ** recommends both methods, 
Soresi ** and Lespinasse *° believe that transfusion should be practiced, 


26 


while Schloss and Comiskey,'* Foote,** and Rodda ** prefer the sub- 
cutaneous method. We prefer the subcutaneous method not because it 
is necessarily any more efficient, but because we have found that the 
only practical place to transfuse a new-born infant is into the superior 
longitudinal sinus, and we have felt that the further addition of blood 
to the already congested cerebral venous system was particularly 
undesirable in this class of hemorrhagic case. Having administered 
whole blood subcutaneously in sufficient quantities to bring the bleeding 
and coagulation times back to normal, and presumably to have stopped 
the hemorrhage, we then proceed to reduce the intracranial pressure. 


This may be done by lumbar puncture and drainage of the cerebrospinal 


fluid if the manometric reading is 18 mm. mercury or below. If above 
that point, the intracranial pressure must first be reduced by either a 
ventricular puncture or a subtemporal decompression. We are as yet 
not prepared to say which of these two methods of cranial decom- 
pression is preferable in this type of case. In our series of fourteen 
cases, three fell within this group. Two of these patients died, one 


forty-two hours and the other sixty-five hours after delivery. 


Case 1—Baby E. had a large cephalhematoma and was bleeding from the 
anus. The cerebrospinal fluid pressure was 18 mm. mercury and was reduced 
to 7 mm. mercury by the withdrawal of approximately 7 c.c. of fluid which was 
almost pure blood. Previous to this 30 c.c. of mother’s blood had been admin- 
istered subcutaneously. Symptoms began thirty-six hours after birth, and 
were chiefly generalized convulsions with moaning and no cyanosis. Examina- 
tion showed a large cephalhematoma, bleeding from the anus, opisthotonos, 

44. Ashby, I. E.: Hemorrhagic Conditions in the New-Born, Med. J. 
Australia 1:50 (Jan. 8) 1921. 

45. Lespinasse, V. D.: Hemorrhagic Disease of the New-Born. Treatment 
by Direct Transfusion of Blood, with a Clinical Report of Fourteen Cases, 
J. A. M. A. 62:1866 (June 13) 1914. 
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stiff neck, slightly tense but not bulging anterior fontanel, with a bilateral 
Babinski and ankle clonus. No cranial nerve involvement. As the symptoms 
continued unchecked following the lumbar puncture 30 c.c. of maternal blood 
was again given subcutaneously, but the baby grew steadily worse and died 
shortly after this. There was no necropsy. 

Case 2.—Baby di V. first showed symptoms about ten hours after delivery. 
There were generalized convulsive seizures preceded by a shrill cry, during 
which the baby became cyanotic, stopped breathing and frothed at the mouth. 
Physical examination, including the neurologic examination, was essentially 
normal, except for the anterior fontanel which was tense and bulging. There 
was no external bleeding, but there was marked brawny subcutaneous edema 
in both loins and buttocks. Cerebrospinal fluid pressure was 20 mm. mercury 
but in spite of this 7 c.c. of cerebrospinal fluid was withdrawn, reducing the 
pressure to 8 mm. The fluid was almost pure blood and did not clot. Follow- 
ing the reduction of pressure the fontanel was noted as being depressed and 
soft, and the previous respiratory embarrassment was relieved. 

Arrangements were then completed for the transfer of the baby to the 
Boston Lying-in Hospital. On arrival there the bleeding time was found to 
be nine minutes. The coagulation time was not done. Twenty cubic centimeters 
of paternal blood was given subcutaneously and 60 c.c. of salt solution was 
given intraperitoneally. Some hours later, the kaby vomited coffee ground 
material and passed tarry stools. The fontanel was still depressed and soft 
and the baby looked bluish white and very sick. It died, probably of hemor- 
rhage, about sixty-five hours after the onset of the symptoms. 

Necropsy showed a massive subperitoneal hemorrhage in the posterior pelvic 
region and a cerebral hemorrhage which filled the entire spinal and cerebral 
subarachnoid space. 


Case 3.—Baby R., colored, began to bleed from the nose two days after 
birth. Foliowing this he vomited and passed by rectum large amounts of 
changed and fresh blood. The bleeding time was ten minutes and the coagu- 
lation time eight minutes. Fifteen cubic centimeters of whole blood was given 
intramuscularly. Three days after birth a nystagmus toward the left and a 
spastic quadriplegia were noted. Six cubic centimeters of maternal blood was 
given intramuscularly and the baby improved somewhat. Five days after birth 
the baby developed a fairly definite spastic quadriplegia with absent knee 
jerks and a bilateral Babinski. The rest of the examination was normal, except 
that the anterior fontanel seemed to be somewhat tenser than normal. There 
were no convulsions or cyanosis, but there was some pallor of the mucous 
membranes. 

Lumbar puncture demonstrated a cerebrospinal fluid pressure of 12 mm. 
mercury, which was lowered to 4 mm. by the withdrawal of about 3 c.c. of 
vellow cerebrospinal fluid which proved by microscope to have red blood cor- 
puscles in it. Following this, the baby was apparently well and normal in 
every way for fourteen days. At the end of this time it began to show some 
more spasticity and nineteen days after the last lumbar puncture it showed 
a definite spastic quadriplegia with a tense and elevated anterior fontanel. 
Lumbar puncture at this time showed a cerebrospinal fluid pressure of 20 mm. 
mercury. This was reduced to 9 mm. by the withdrawal of 25 c.c. of clear. 
colorless cerebrospinal fluid. There was considerable improvement following 
this but the symptoms were not entirely cleared up, so another lumbar punc- 
ture was performed two days later. The cerebrospinal fluid pressure this time 
was 14 mm. mercury, and 10 c.c. of clear, colorless fluid was withdrawn, reduc- 
ing the pressure to 5 mm. Since that time, one month ago, the baby has been 
practically normal in every way. 


This baby probably suffered from a meningismus due to the irrita- 
tion of the clot which became less and less as the clot absorbed. From 
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this small series of cases it would seem that intracranial hemor- 
rhage due to hemorrhagic disease in the new-born carried with it a very 
high mortality in spite of treatment. 


Intracranial Hemorrhage of Traumatic Origin.—Under this classifi- 
cation we have had three cases, two with complicating fracture of the 
skull, and one with hemorrhage from a rupture of the superior longi- 
tudinal sinus. Two of these babies are dead. Treatment in these 
traumatic cases is far from satisfactory from any point of view. 
Massive hemorrhages, such, for example, as occur following the rupture 


of a large venous sinus, while they produce an acute hydrocephalus that 


is amenable to and can be treated and corrected, are practically impossi- 
ble to control. If uncontrolled, the patient dies of hemorrhage. If nature 
succeeds in controlling the hemorrhage by raising the intracranial 
pressure sufficiently high to close off the sinus, this high pressure of 
itself will be fatal, and, if reduced to normal, the sinus will again begin 


to bleed. Such a case follows. 


Case 4.—Baby G., a 7 pound baby, was delivered following the application 
of a fillet to one foot in a breech presentation; the length of the labor is not 
noted. Four days after delivery it was noticed that the baby was not doing 
well and had a peculiar cry. Five days after delivery the baby became very 
cyanotic at times, breathed and nursed poorly, was very drowsy and the 
fontanels bulged markedly. 

Examination revealed only a left spastic hemiplegia with a left ankle clonus. 

Lumbar puncture showed a pressure of 30 mm. mercury and a drop of cere- 
brospinal fluid removed for examination proved to be practically pure blood. 
A right subtemporal decompression was made, and the brain was found to be 
under great pressure and covered with old clot. While finishing the opera- 
tion the baby’s condition became very poor and artificial respiration and 
oxygen were required. The pulse during this dropped to 70. The baby left 
the table alive, but died three-quarters of an hour later from medullary edema. 

Necropsy showed a massive subarachnoid hemorrhage which filled entirely 
the spinal and cerebral subarachnoid spaces, a rupture of the superior longi- 
tudinal sinus and edema of the medulla. 


This case demonstrates very clearly the futility of attempting to 
localize intracranial hemorrhage in the new-born, and what is more 
important, the value of lumbar puncture and measurement of the intra- 
cranial pressure early in order that decompressive steps may be taken 
before medullary edema sets in. 


Case 5.—Baby E. had a depressed “tin plate” fracture of the right frontal 
bone with a right sided facial paralysis, spastic quadriplegia with bilateral 
ankle clonus, and an intracranial pressure by lumbar puncture of 22 mm. 
mercury with old blood in the cerebrospinal fluid. At operation it proved to 
be impossible to raise the depression so it was removed and a right sub- 
temporal decompression also performed. Two weeks after operation the baby 
was reported as being well in every way, except for a slight facial paralysis. 
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One month after operation, however, it was reported as dead following a train 
of symptoms that were very suggestive of a meningismus with secondary 
increased intracranial pressure, but which in any event was not recognized and 
was allowed to go untreated. 

Case 6.—Baby S. This case followed a rapid high forceps delivery on a 
child with a fairly large head. For two days following delivery, the child 
became more and more spastic, and on the second day presented a spastic 
quadriplegia with a bilateral Babinski and ankle clonus and with a cerebrospinal 
fluid pressure of 14 mm. mercury. This pressure was reduced to normal, the 
cerebrospinal fluid withdrawn being clear and colorless.. There was some 
slight improvement for twenty-four hours, but the following day saw the 
baby practically moribund. Lumbar puncture demonstrated a pressure of 
30 mm. mercury. As a result of this observation, a left subtemporal decom- 
pression was performed. In the course of this operation a comminuted frac- 
ture of the left temporal bone was found with laceration of the dura and under- 
lying brain probably involving the left motor area at least. After a stormy 
convalescence the baby was discharged one and one-half months later with a 
spastic quadriplegia and probably considerable mental impairment. 


This etiologic group, like the preceding one, carries its own high 
mortality and morbidity. While the mortality can doubtless be lowered 
by an earlier recognition of the underlying intracranial hypertension and 
its more adequate treatment, the morbidity of such severely injured 
cases as the last must always remain high. We cannot on that account, 
however, allow these cases to go untreated, because we can never tell in 
advance which case will be prevented from becoming a spastic idiot and 


merely become a spastic hemiplegic with a normal mentality by virtue 
of properly timed and properly conceived treatment. 


Intracranial Hemorrhage Following Asphyxia—We have classified 
eight cases of our series under this heading. Of these patients one 
only has died, the rest having been discharged at the end of from four 
to twelve days relieved and apparently normal in every way. One of 
these later developed meningismus, but following a ventricular puncture 
with the removal of 90 c.c. of cerebrospinal fluid, supplemented by two 
subsequent lumbar punctures with removal of about 20 c.c. more, was 
entirely relieved and apparently well. 


Case 7.—Baby B., the only patient in this series that died, was first seen 
ten days after delivery, which followed a labor of twelve hours, the first ten 
and one-half hours being included in the first stage. There was moderate 
asphyxia at birth. For three days previous to the time it was seen it had 
been suffering from increasingly severe attacks of respiratory convulsive 
seizures with apnea lasting up to two minutes, marked cyanosis and general 
bodily rigidity. The heart rate during these attacks dropped from 128 to 45 
and the fontanel was not abnormal. These convulsions were occurring about 
once every half hour. Between times the baby was apparently normal in 
every way. 

Physical examination, including the neurologic examination, was normal. 
Lumbar puncture showed a cerebrospinal fluid pressure of 12 mm. mercury. 
Ten cubic centimeters of fluid with microscopic blood cells in it, and tinged 
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pinkish yellow, was withdrawn and the pressure lowered to 4 mm. Two hours 
later another lumbar puncture was performed and the pressure, readings and 
amount of fluid withdrawn were identically as before. Following this, the 
needle tract remained open and cerebrospinal fluid drained until the baby’s 
death, about twelve hours later. This occurred during a typical convulsion 
in which the pulse dropped to 68 and grew weaker, the respirations failed to 
start again and the baby died. 

Necropsy showed marked congestion of all organs with microscopic petechial 
hemorrhages in the midbrain, pons and medulla. There was also edema of 
the medulla and endothelial cell infiltration of the basal meninges. 


It is unfortunate that this case was allowed to go such a long time 
without treatment, although from the location of the hemorrhages at 
necropsy it is probable that the prognosis would have been fatal in 
any event. 

The cases that ended in recovery can be grouped. All the infants 
showed at birth definite cyanosis and asphyxia which had presumably 
been caused during the labor. One baby was delivered by cesarean 
section, three by version, one by breech extraction, and two by .normal 
deliveries. Dry labor was specifically noted as occurring three times. 
The symptoms varied. Four showed convulsions and only three 
associated cyanosis, five had definitely tense or bulging anterior 
fontanels, and in only two was there any cranial nerve involvement. 
Five showed some spastic paralysis, but only two showed pathologic 
reflexes. Sixteen lumbar punctures were done in the seven cases and 
in two ventricular punctures were also made. The highest pressure 
measured was 50 mm. mercury and the lowest 8 mm., each occurring 
only once. The average pressure was 17 mm. mercury. Fluid was 
withdrawn twelve times by lumbar puncture and in every withdrawal 
but one was either yellow or definitely tinged with blood not due to 
the trauma of the needle. One, the child that was delivered by 
cesarean section, showed marked jaundice with a rise in temperature. 
Infection, including meningitis, was definitely ruled out in this case 
before the diagnosis was made. The longest time elapsed in any one 
case before being discharged relieved to the pediatrician in charge was 
thirty-six days, and the shortest was four days. The average time 
under treatment was twelve days. All of these cases were discharged 
relieved with normal pulse, temperature and respiration, essentially 
normal physical examination, normal cry and ability to nurse, and all 
gaining weight. 

From this series it can be seen that intracranial hemorrhage of 
“asphyxial” origin in the new-born, if treated from the point of view of 
acute hydrocephalus, carries with it a low mortality. This is especially 
evident on comparison with the mortality in the other two etiologic 


groups, notwithstanding the small number of cases involved. 
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Operative Treatment—Our operative treatment has consisted of 
lumbar puncture, subtemporal decompression and ventricular puncture. 
Lumbar puncture has already been taken up and need not be again 
considered. Subtemporal decompression is indicated whenever the 
cerebrospinal fluid pressure rises above 18 mm. mercury in a traumatic 
case. Ventricular puncture is indicated whenever a posthemorrhagic 
meningismus has produced an intracranial pressure higher than 18 mm. 
mercury. Under other conditions we do not feel that we have as yet 
had sufficient experience to arrive at definite conclusions. We believe 
that eventually subtemporal decompression will be reserved for use only 
in those cases in which the intracranial pressure cannot be lowered 
permanently by a combination of lumbar and ventricular puncture 

Ventricular puncture and subtemporal decompression in these 
infants should always be performed under local anesthesia. These 
children are already suffering from a compression of the medulla which 
involves the respiratory centers, and inhalation anesthetics are, in our 
opinion, extremely dangerous. 

A typical subtemporal decompression should be performed if an 
opening is to be made into the skull through the bone. The reasons for 
this are the same as those that apply to subtemporal decompression in 
adults, namely, the opening is over a relatively silent area, the middle 
meningeal artery is exposed if desirable, and the decompression if 
properly made lies entirely beneath and protected by the temporal 
muscle. 

The ventricular puncture should be made by way of the anterior 
fontanel, through the frontal lobe, and the needle caused to enter the 
anterior horn of the lateral ventricle. The point of election in the 
fontanel is at the most posterior portion of the junction of the mesial 
and posterior borders of the right frontal bone. The skin and mem- 
brane should be incised and the ventricle entered with a blunt needle. 


Every aseptic precaution should be observed and the operation should 


be performed in a hospital. 

Hemorrhage from the scalp in these operations should not be con- 
trolled by any form of tourniquet. A tourniquet serves only to increase 
the already existing intracranial venous congestion. Such hemorrhage 
may be easily and promptly checked by the method evolved by Frazier, 
which consists of the application of spaced hemostats to the galea with 
eversion of the edges of the wound. 


LATE RESULTS OF INTRACRANIAL HEMORRHAGE IN THE NEW-BORN 


The late morbidity following intracranial hemorrhage in the new- 
born is quite as serious as the immediate mortality. Interesting 
statistical studies have been made on these cases of so-called Little’s 
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disease by Schott * and Sharpe.*® The latter has demonstrated in 19 
per cent. of the spastic children coming to his clinic an increase in 
intracranial pressure by spinal manometer. This is the only type of case 
considered by him to be a favorable subject for operative interference. 
Three hundred and fifty-eight subtemporal decompressions were per- 
formed. The operative mortality is given as 10 per cent. Most of the 
patients operated on obtained some relief, and many, especially those 
children under 3 years of age when operated on, have obtained prac- 
tically complete relief. 

In the course of the past year we have seen three cases of Little’s 
disease. In al! there was a history of difficult labor followed by various 
types and degrees of paralysis. One was mentally below par for its 
age, 214 years. There was a complete paralysis of several cranial 
nerves and the child was generally mildly spastic. Lumbar puncture 
was refused and the parents were advised to place the child in an 
institution. A second child, aged 3, had had an intracranial birth 
hemorrhage and a right parietal decompression at that time. He is now 
suffering from an increased intracranial pressure (30 mm. mercury) 
with a cerebral hernia through the ill judged decompression opening, 
and is under observation with a question of doing a decompression on 
the opposite side of the head. The third child is 6 years of age, with 
a left spastic hemiplegia and a definite history of injury at birth. His 
intracranial pressure is 11 mm. mercury and under orthopedic treat- 
ment his condition is improving markedly. Both these children are 
mentally normal. 

Sharpe ** makes no mention of the epileptics, but Frazier ** summed 
up this situation in 1913. He limits the epileptics suitable for opera- 
tion to those cases only which show a localizing motor sign. It has 
always been taken for granted in the past that the idiocy and epilepsy 
following untreated cerebral hemorrhage in the new-born is the result 
of the supra cortical blood clot. We do not feel that the evidence in 
favor of this is such that the accuracy of this statement can go 
unchallenged, especially in view of the recent work on intracranial 


pressure, and its relation to trauma, and the publication by Sharpe of 


the large series of cases cited above. These children are certainly 
worthy of any help that can be offered to them. At present they are a 
burden to their family, to the state institutions, and to themselves. They 
are passed from one pediatrician to another without ever getting any 
treatment other than platitudes. At orthopedic clinics they are equally 
unwelcome. The whole question of the pathology, diagnosis, and treat- 
ment of Little’s disease should be reopened and an endeavor made to 
formulate an answer in the light of our more recent knowledge of 


46. Sharpe, William: The Diagnosis and Treatment of Brain Injuries, with 
and without a Fracture of the Skull, Philadelphia, J. B. Lippincott & Company, 
1920, pp. 525, 650. 
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intracranial pressure. Even now much can be done as prophylaxis by 
the recognition of the hemorrhage as soon after birth as possible.** 


CONCLUSIONS 


1. We propose that the following etiologic classification of cases of 
intracranial hemorrhage in the new-born be adopted: (a) Traumatic 
group. (b) “Asphyxia” group. (c) Fetal disease group 

2. The diagnosis of intracranial hemorrhage in the new-born should 
be based on the following: (a) The history and physical examination. 
(b) The measurement of intracranial pressure by spinal manometer. 
(c) The determination of the coagulation and bleeding times. 

3. The treatment of intracranial hemorrhage in the new-born 
depends on (a) the successful etiologic classification of the case; (b) 
the recognition and measurement of the intracranial pressure. 

4. The treatment of intracranial hemorrhage, due to hemorrhagic 
disease, consists of the administration of normal whole blood subcu- 
taneously until the bleeding and coagulation times have returned to 


normal, and then appropriate relief of the intracranial hypertension. 
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5. The treatment of traumatic cases consists of the prompt elevation 
of depressed fractures, and the relief of the intracranial hypertension 
by drainage either by lumbar puncture or ventricular puncture as 
indicated, or typical subtemporal decompression. 

6. The treatment of “asphyxia” cases consists of the relief of the 
intracranial hypertension by drainage either by lumbar puncture or 


ventricular puncture as indicated, or typical subtemporal decompression. 


7. Cerebral localization of pathology in the new-born is rarely 
possible, and is, therefore, not amenable to surgical measures looking 
toward its correction. 

8. The pathology, diagnosis and treatment of Little’s disease should 
be studied more extensively from the point of view of intracranial 
pressure. 

We wish to take this opportunity to thank the trustees, Dr. Newell, and the 


staff of that hospital for their kindness in allowing us to study and treat 


these cases. 





CONGENITAL DEFICIENCY OF THE DIAPHRAGM * 
JOHN STEPHENS LATTA 


OMAHA 


Recently there has been brought to the attention of the writer a 
case, encountered by Dr. C. W. Pollard in his practice, which presented 
the interesting and rather unusual condition of almost total deficiency 
of the left side of the diaphragm. Associated with and doubtless as a 
result of this, there were found some other minor anomalies, the most 
evident of which was a misplacement of some of the abdominal viscera 
into the left pleural cavity. It was obvious that these misplaced viscera 
represent a spurious hernia, due to an arrest in development of the left 
side of the diaphragm, rather than a true hernia due to a lack of 
diaphragmatic muscular tonus or development, for these viscera were 
not enclosed in a hernial sac but lay free in the left pleural cavity. 

On reviewing the available literature concerning the subject of 
congenital diaphragmatic hernia it was found that the spurious type 
occurs most frequently. References have been found in this literature 
to 127 cases which could definitely be classified as spurious, due to 
defective diaphragmatic formation. The greater percentage of these 
deficiencies were found to occur on the left side, seventeen only being 
right-sided and the remaining 110 left-sided. No authenticated cases 
of complete lack of the diaphragm were found, although one such case 
was mentioned as having occurred ( Bowditch '). 

In the case of deficiencies on the right side, they were, in prac- 
tically all cases, relatively small, admitting only a slight misplacement 
of abdominal viscera into the thorax, usually a small portion of the 
right lobe of the liver. In one case there was an extensive right- 
sided deficiency, which allowed the entire right lobe of the liver, all of 
the small intestine, the caecum and appendix, and the colon to pass into 
the right pleural cavity (Kocher*). Spencer * also described a similar 
case in which there was a large defect on the right side of the dia- 
phragm, through which the right lobe of the liver, caecum and appendix, 
the small intestine, and the right kidney protruded into the right 
pleural cavity. St. Hiliare* gives an account of a case in which the 
right side of the diaphragm was lacking, admitting the stomach, small 
intestine, and the right lobe of the liver into the thorax. In seven of 


* Received for publication, June 26, 1922. 

*From the Department of Anatomy, University of Nebraska, College of 
Medicine. 

1. Bowditch, H. I.: Charleston M. J. 10:396, 1855. 

2. Kocher: Gerhardt’s Handb. Kinderh. 6: No. 2, 1880. 

3. Spencer, H. R.: Tr. Obst. Soe. Lond. 32:132, 1890. 

4. St. Hiliare, G.: Schmidt’s Jahrb. 121:336, 1864. 





298 AMERICAN JOURNAL OF DISEASES OF CHILDREN 


the recorded cases of right-sided deficiency (Textor®) the size of the 
defect was not stated. 

Cases with left-sided deficiencies, however, present considerable 
variation in the size of the defect, and, therefore equal variation 
in the amount of displacement of viscera. Of the 110 cases of 
this type, in sixty-eight there were large or medium-sized defects, 
in fourteen the defects were quite small, and in twenty-eight (Textor °) 
the size of the defect was not stated. In several cases it was stated that 
the entire left half of the diaphragm was wanting, and in a few others 
it was said to be represented only by a muscular band around the 
costal margin of the left side. 

The small number of reported cases of right-sided hernias of the 
diaphragm are related, doubtless, to the position of the liver, as stated 
by Livingston.® It is doubtful, however, whether the presence of the 
liver on the right side influences the formation of the right pleuro- 
peritoneal fold, or tends to eliminate the possibility of the occurrence 
of a deficiency. But it surely does decrease the possibility of misplace- 
ment of viscera into the right pleural cavity. As it is this misplacement 
of viscera which produces the pronounced symptoms in diaphragmatic 
hernia, it is very possible that there are many instances of right-sided 
diaphragmatic defect which produce no symptoms, and thus escape 
notice. 

Only occasionally is the diaphragmatic defect accompanied by other 
developmental defects, except that of undeveloped lung, and in prac- 
tically all cases the child is absolutely normal in external appearance. 
In one case (Abt‘*) the deficiency was accompanied by hypertrophy 
of the thyroid gland. In five instances (Gilford,§ Giles,® Lacher,?° 
Bischoff '!) a considerable hypertrophy of the liver was noted. Seven 
cases were described of left-sided diaphragmatic defect associated with 
the development of accessory lungs (Cockayne and Gladstone,” 
Gruber,’* Kohn,’* Robsmann,’® von Gossnitz,** Kaup‘*). Two cases 


were reported with an associated hemicephalous condition ( Bischoff,’ 
Griiber **), and one with hydrocephalous and also with intestinal occlu- 


sion (Griiber 7°). 
. Textor: Schmidt’s Jahrb. 57:64, 1864. 
. Livingston, P.: Am. J. Obst., 1882, p. 733. 
7. Abt, I. A.: Arch. Pediat. 17: 1900. 
. Gilford, S.: Brit. J. Child. Dis. 1: 1904. 
. Giles, A. E.: Tr. Obst. Soc. Lond. 34:132, 1892. 
. Lacher, L.: Deutsch. Arch. f. klin. Med. 27: 1880. 
. Bischoff: Arch. f. Gynak., 1885, p. 437. 
. Cockayne, E. A., and Gladstone, R. J.: J. Anat. 52:64, 1917. 
3. Gruber, G.: Beitr. f. path. Anat. u. allg. Path., 1914, p. 491. 
. Kohn: Inaug. Diss. Konigsberg, 1913. 
. Robsmann: Inaug. Diss. K6nigsberg, 1904. 
. Von Gossnitz: Jenaische Ztschr. f. Naturwiss. 38:619. 
. Kaup: 1891, quoted from Gruber, G. 
. Gruber, W.: Virchows Arch. f. path. Anat. 47:382, 1869. 
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In the case here presented, a male child was born with an uneventful 
delivery, apparently well nourished and normal, except that the heart 
beat was well to the right side of the thorax. No pathologic parental 
history was given. 

Attempts to initiate respiration proved unsuccessful, and when arti- 
ficial respiration, which had been kept up for some time, was stopped, 
the child, after struggling to breathe, died. Cyanosis was very marked. 

Postmortem examination revealed the fact that the diaphragm was 
entirely lacking on the left side, the left pleural and the peritoneal 
cavities having wide communication. At the points of attachment of 
the free edge to the dorsal and ventral body wall it was found to be 
slightly to the left of the midline. This free edge was thickened to 
form a heavy muscular band. The thickening indicated, doubtless, 
that the lateral spread of the diaphragm to the left had been mechanic- 
ally impaired by the misplaced peritoneal viscera. The phrenic nerves 
were present on each side in their normal position, the right innervating 
the right side of the diaphragm and the left being distributed to the 
thickened muscular band of the free edge. 

The diaphragmatic defect can be explained as an arrest of develop- 
ment. The fusion of the splanchnic mesoderm surrounding the left 
omphalomesenteric vein with the somatic mesoderm of the body wall 
did not extend as far laterad as normally, and as a result, that portion 
of the diaphragm derived from the left side of the septum transversum 
is represented only by the thickened muscular band along the free 
border, which is innervated by the left phrenic nerve. The left lobe 
of the liver, also associated in development with this portion of the 
septum transversum, is reduced in size. In addition to this the left 
pleuroperitoneal membrane has failed entirely to develop, leaving the 
left pleuroperitoneal duct widely open. This latter developmental 
failure may be in some way related to the partial failure of the septum 
transversum, to the atypical condition of the left duct of Cuvier, or to 
an anomalous condition of the left mesonephric ridge, or to a combi- 
nation of such conditions, all of which are associated with the develop- 
ment of the pleuroperitoneal membranes. 

This large diaphragmatic defect, as should be expected, was associ- 
ated with a great change in position and relations of the peritoneal 
viscera. The esophagus pierced the diaphragm just to the right of 
the thickened free border, the cardiac end of the stomach, therefore, 
being in its usual position. The fundus of the stomach, however, had 
pushed itself forward through the defect into the left pleural cavity, 
its longitudinal axis being obliquely cephalocaudad, with the greater 
curvature cephalolateral, to the left, the spleen being situated along the 
greater curvature. The position of the pylorus was somewhat cephalad 
of the cardia. The duodenum was attached by a short mesentery to the 
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dorsal body wall, instead of being bound down to it as normally. Its 
course was not unusual. The jejunum and ileum were not of special 
interest except that they were crowded to the left and forward so that 
the jejunum lay entirely within the left pleural cavity (Fig. 1). 














Fig. 1 


The colon was also considerably misplaced. The ascending meso- 
colon was very short and was not fused with the dorsal body wall, 
so that the ascending colon was not bound down to the body wall, and 
its position, as was that of the caecum and appendix, was near the 
midline. The lack of fusion of the ascending mesocolon with the body 
wall accounts also for the looser binding of the duodenum to the body 





DEFICIENCY OF DIAPHRAGM 301 


wall. In its course the ascending colon ran caudally, then describing a 
U curve ran cephalad to a point just below the free edge of the 
diaphragm. From here the transverse colon coursed obliquely to the 
upper left portion of the left pleural cavity, bent sharply, and ran cau- 
dally along the lateral body wall. Ata point opposite the free edge of the 
diaphragm it became bound down to the body wall and was considered 
as the descending colon. The loops of the sigmoid colon were extremely 
large, and together with the somewhat hypertrophied liver and the 
rectum completely filled the right half of the peritoneal cavity (Fig. 2). 

















Fig. 2 


The liver was somewhat atypical. The right lobe was normal in 
position, but possibly a little hypertrophied. The left lobe was sub- 
normal in size and the greater part of it was located above the dia- 
phragm in the left pleural cavity, the muscular band of the free edge 
forming a deep groove on its cephalic surface. The blood circulation 
of the liver had evidently not been interfered with. 

The presence of these peritoneal viscera in the thorax had greatly 
influenced the development and position of the thoracic viscera. Only 
a vestige of the left lung was found as a small flap of tissue in the 
upper central portion of the left pleural cavity. This cavity was 
greatly increased in size, crowding the mediastinum, thymus, and heart 
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considerably to the right, thus accounting for the fact that the heart 
beat was felt on the right side of the thorax. This displacement had so 
decreased the size of the right pleural cavity as to impair the function 
of that lung. The entire peritoneal portion of the alimentary tract was 
distended with gas, although neither intestinal occlusions nor imper- 
forate anus were found, thus further increasing the pressure upon, and 
interfering with the function of the heart and lungs. These conditions 
were mechanically incompatible with life, death, in this case, resulting 
from pulmonary insufficiency, followed by extreme dyspoena and 
cyanosis (Fig. 3). 













Added to these conditions before described, there was found, just 





above the free edge of the diaphragm and adherent to it by a short 
strip of connective tissue, a triangular mass of tissue, slightly larger 


















Fig. 3 










than the vestigial left lung, and resembling it in appearance. Histologic 
examination of sections of this tissue showed it to be an accessory lung 
(Fig. 1). 

Cockayne and Gladstone ** in a review of literature found that 
in twenty-nine cases in which accessory lungs had been reported, 
seven of these had been associated with congenital diaphragmatic 
hernias. The deficiencies in all these cases were on the left side, and 
the accessory lungs were also on the left side, three only of the twenty- 
nine cases indicated accessory lungs on the right side, and in six the 
accessory structure was subdiaphragmatic. It has been suggested that 
accessory lungs might be accounted for by the adhesion of portions of 
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the embryonic pulmonary tissue to surrounding parts or organs, from 
which they draw a blood supply, and then become separated from the 
parent tissue and grow independently. 

This theory seems very plausible in the present instance. The 
only point of attachment of the accessory lung is by means of this 
narrow fibrous band to the thoracic side of the thickened muscular edge 
of the diaphragm. Through this, then, is surely the only source of 
this vascular supply. Both the adhesion of the embryonic pulmonary 
tissue to the diaphragm and its separation from the parent tissue could 
be explained by the unusual mechanical conditions present in the left 
pleural cavity, due to the diaphragmatic defect. It is apparent, in this 
case, that the presence of accessory lung is a result of, rather than a 
cause of the defect in the diaphragm. 

The prognosis in all cases of congenital deficiencies of the diaphragm 
is bad. In 112 of the 127 cases reviewed, the age at time of death 
was given. Eighty-eight of the infants were either stillborn or died 
within an hour or two after birth. However, life is not always so 
abruptly terminated by these conditions, as shown by the following: 
One case was reported in which the child lived three days (Fischer *’), 
one lived four days ( Millard *°), one lived eleven days (Krombholz *"), 
one lived two months (Booker ?*), one lived four months (Gilford ®), 
one lived six months (Hillier, 61), one lived ten months (Fother- 
gill **), one lived eleven and one-half months (Lacher '°), three lived 
three years (Textor,> Mayes ** two cases), three lived seven years 
(Diemenbroéck,?>  Textor,>5 Downes**), one lived eighteen years 
(Doberauer **), one lived twenty-two years (Rosenthal, Keim and 
Huguier **), one young adult (Beck **), one lived thirty-one years 
(Hess *°), one lived thirty-three years (Abel **), one lived forty-three 
years (Monks *?), one lived forty-seven years (Vogel **), one lived 


19. Fischer: Diss. de hern. diaphr., Berlin, 1840. 
20. Millard: Canstatt’s Jahrb., 1857, No. 3, p. 203. 
21. Krombholz: Schmidt’s Jahrb. 28:199, 1840. 
. Booker, W. D.: Arch. Pediat. 14:649, 1897. 
. Fothergill: Quoted from Lacher. 
. Mayes, H. W.: Med. Rec. 97:713, 1920. 
. Diemenbréck: Schmidt’s Jahrb. 121:336, 1864. 
. Downes, W. A.: Ann. Surg. 67:748, 1918. 
. Doberauer: Brit. J. Child. Dis. 11: 1914. 
. Rosenthal, G.; Keim, G., and Huguier: Bull. Soc. d’Obst. de Par., 1898, 


29. Beck, T. S.: Tr. Path. Soc. Lond. 6:19, 1854. 

30. Hess, J. H.: Quart. Bull. Northwestern Univ. Med. School 7: 1910. 
31. Abel, K.: Berl. klin. Wchnschr. 31:84, 1894. 

32. Monks, E. H.: Brit. M. J. 1:708, 1914. 

33. Vogel, K. M.: Am. J. M. Sc. 145: 1913. 
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fifty-seven years (Fry **), one lived fifty-eight years (Carson and Huel- 
semann *°), and one lived seventy years (Guttman **). 

In many of these instances, especially those in which death did not 
occur until adult life, the diaphragmatic insufficiency was unrelated to 
the cause of death, the subjects apparently suffering no inconvenience 
from this lack. Either the misplaced structures were not enough 
seriously to disturb the pulmonary and cardiac function, or the unaffected 
lung had so been able to function as to compensate for the loss of func- 
tion of the other lung. But in all cases in which death was the direct 
result of the diaphragmatic defect, cyanosis, accompanied by extreme 
dyspoena and vomiting were characteristic symptoms. In cases of 
deaths in early childhood the amount of displacement was usually great 
enough to force the heart from its normal position (right-sided). Per- 
cussion of the thorax gives a tympanic note over the area under which 
the hollow peritoneal viscera lie. Gas is often formed and gas sounds 
may be heard in these areas of the thorax. The more violent symptoms 
are most acute when there is gas content in the misplaced portions of the 
tube, and are much relieved by the passage of the gas. 

However, the diagnosis of diaphragmatic hernia in either the 
acquired or congenital form is extremely difficult, as shown by the 
figures of Leichtenstern,** the condition being usually not discovered 
until necropsy. The recent use of the roentgen ray in suspected cases 
eliminates some of this uncertainty. But as the majority of the con- 
genital cases terminate fatally very shortly after birth, if the diagnosis 
is made in these, it must be based upon physical conditions, as given 
above, cyanosis, dyspoena, and possible vomiting, associated with 
atypical chest sounds, abnormal position of the heart, and unsuccessful 
attempts at respiration. It is very possible that congenital deficiencies 
of the diaphragm terminating fatally are more common than is indicated 
by review of the literature, many, doubtless, not having been dis- 
covered because of the extreme difficulty of the diagnosis.** 
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EXPERIMENTAL PYLORIC STENOSIS * 
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The pathology of congenital hypertrophic pyloric stenosis is defi- 
nitely known. The pathologic physiology is still a matter of dispute. 
Some believe that the symptoms are due to the mechanical obstruc- 
tion of the tumor itself. Others hold that spasm is responsible 
for the manifestations of this condition. Both factors probably 
are operative. Whatever view is held, the picture of pyloric stenosis 
is easily explained. Narrowing of the pylours, anatomic, spastic, 
or both, obstructs the passage of food from the stomach. All 
the symptoms may be referred to that single fact. In order to force the 
contents beyond the pylorus, gastric peristalsis is exaggerated. This 
proceeds until the waves show through the abdominal wall .running 
from cardia to pylorus. Visibility of the contractions is enhanced by 
the diminished tone and atrophy of the musculature of the abdominal 
wall, due to the virtual starvation which accompanies the condition. 
The pyloric tumor may be palpated, particularly when the peristaltic 
wave reaches it. Vomiting occurs because the increased intragastric 
tension produced by the strong stomach contractions forces the contents 
through the more patent cardiac end. With the pylorus occluded, 
the feedings are projected through the mouth and nose. When the 
peristaltic waves become vigorous, distress is often manifested by the 
infant. Hunger stools, consisting of thin, green, slimy passages, and 
constipation occur because little food passes the pylorus. Loss in 
weight results. 

The Role of Spasm.—Spasm is considered in the etiology as well 
as the symptomatology of hypertrophic stenosis. Because snakelike con- 
traction waves are seen passing over the surface of the tumor on opera- 
tion, some observers attribute the hypertrophy to this constant activity. 
Facts indicating that these contractions are caused by the tumor will 
be furnished later. 

The symptoms of pyloric stenosis have been ascribed to spasm of 
the pylorus because relief has frequently followed thick cereal feeding 
and atropin administration. However, thick cereal is more difficult to 


eject than fluids. Furthermore, atropin does not exert a selective action 






* Received for publication, July 7, 1922. 
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on the pylorus. It paralyzes the vagus endings with depression of all 
peristalsis of the stomach. In this way it overcomes spasm from 
extrinsic causes; for instance, the pylorospasm due to gallbladder and 
appendix disturbances. On the other hand, atropin has no effect on the 
spasm from intrinsic causes due to local pathologic conditions... Spasm 
which may be associated with the usual pyloric tumor of infancy will 
be unaffected by atropin. Gastric peristalsis may be depressed so that 





L a | 


Section through pylorus showing paraffin in the submucosa subdivided by 
connective tissue strands and thickened muscularis. Note the narrow lumen 
and infolding of the mucosa. The condition was more marked before the shrink- 
ing due to fixing the tissue.  X 3. 


one or more feedings are retained only to be vomited in large part at 
a later time. 

The Present Problem—The anatomic condition of hypertrophic 
pyloric stenosis was imitated by the production of an intramural tumor 
in the pyloric region in order to determine the effect of pure mechanical 


1. Carman: J. A. M. A. 66:1283 (April 22) 1916. Ivy: Arch. Int. Med. 
25:3 (Jan.) 1916. 














308 AMERICAN JOURNAL OF DISEASES OF CHILDREN 


obstruction. This angle was chosen because the medical treatment 
proceeds against the spasmodic factor and the surgical! treatment by the 
Strauss or Rammstedt operation corrects both anatomic and nervous 
conditions by splitting the tumor and interfering with the nerve supply 
of the region, particularly in the plastic modification of Strauss.? 

Paraffin was used with a melting point of 55 C. and a solidifying 
temperature of 42 C. Six dogs were employed. Under ether anesthesia 
an incision was made in the right rectus muscle and the pylorus 
delivered. The paraffin was injected into the muscularis in quantities 
of from 8 to 15 c.c. Several points were injected to effect an annular 
distribution of the material so that a marked anatomic obstruction 
might be obtained. The paraffin was boiled and slowly cooled to 45 C. 
This gives an homogeneous liquid which does not solidify until injected. 
If cooling is rapid the paraffin solidifies in the syringe or needle before 
it can be properly injected. A large bore needle must be used 

The animals were observed as long as seven months. Vomiting 
was noted. The emptying time of the stomach was studied and com- 
pared with normal animals. Gastrostomy was later performed, and 
stomach tracings taken and compared with normal animals. Finally, 
the animals were examined post mortem, and the anatomic condition 
studied grossly and microscopically. 

Results —Immediately after the paraffin was injected, a glistening, 
white mass was produced resembling remarkably the pale tumor ordi- 
narily seen in the human subject. Still more striking was the appear- 
ance of the typical snakelike contractions over this area, later running 
down the duodenum and toward the antrum, Tlie contractions were 
cbserved as long as the region was in view. It should be noted that all 
the animals had been given 1459 grain of atropin and % grain of 
morphin subcutaneously about one half hour before the actual injection. 

Vomiting only occurred the first and sometimes the first two days 
after operation. Following this there were no periods of vomiting with 
iceasured amounts of food and, later, the regular feedings of the 
normal dogs. 

The emptying time was studied by administering measured quanti- 
ties of food and producing emesis by the subcutaneous injection of 
Yo grain of apomorphin. Normal dogs were used as controls. It 
was found more accurate to secure emptying by this means than by 
aspiration. A mixture of 50 gm. bread and 100 gm. meat ground 
together and 200 c.c. of water was given and the residue evacuated 
in one and one-half hours. 


2. Strauss: J. A. M. A. 71:807 (Sept. 7) 1918. 
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Paraffin Animals Control Animals 
Gm. Gm. 
240 200 
220 320 
240 260 
200 150 
220 220 


One animal with paraffin in the pylorus, which also had an epi- 
gastric hernia, gave a residue of 80 c.c. one hour after 200 c.c. milk 
was given, while two controls gave 10 and 25 c.c., respectively. This 
result might well be due to the stasis from the large hernia. 

There was some increase in the amplitude of the stomach contrac- 
tions in the injected animals, although unusual tetanic periods did not 
occur. 

The physical condition of the animal was good. They thrived and 
were very active. In fact, two of them killed each other fighting. 

Postmortem examination revealed swelling of the mucosa overlying 
the paraffin areas, but there were no findings of ulceration or hyperemia. 
Dilatation of the stomach was not noted. Section showed the lumen 
almost closed. The mucosa was thrown into folds resembling the 
clinical species (Fig. 1). The muscularis about the paraffin areas was 
somewhat thickened. Glistening particles of paraffin appeared in the 
submucosal region where the injection had bulged the mucosa into the 
iumen. Microscopic section showed that trabeculae of connective 
tissue had apparently invaded the paraffin mass subdividing it into 
smaller particles. The fibroblasts assumed an epithelial like appearance 
and arrangement so that thinner sections resembled carcinoma. Closer 
examination revealed the true character of the young, deeply staining 
cells. There were no giant cells. 


SUMMARY 


1. The anatomic condition in congenital hypertrophic pyloric stenosis 
‘nay be reproduced by the injection of paraffin. 

2. The picture of pyloric stenosis is not produced. (a) Vomiting 
is only temporary. (b) Emptying time is not conspicuously retarded. 
(c) Stomach contractions are moderately increased. (d) Stools are 
normal. (e) Emaciation does not occur. 

3. It is probable that the snakelike contractions over the surface of 
the tumor are the result of the muscular hypertrophy in infants, because 
the injection of paraffin reproduces these peculiar contractions almost 
immediately and quite constantly. It may be stated, therefore, as a 
matter of speculation that the tumor of hypertrophic stenosis acts as a 
foreign body and tends to cause local contractions. The similarity to 
fibroid tumors of the uterus is immediately suggested. 
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4. It appears from the failure to produce obstructive symptoms 
despite marked anatomic obstruction that the clinical picture of hyper- 
trophic pyloric stenosis is not due to the anatomic condition, alone. 
This agrees with the clinical findings, in which the tumor is usually 
unilateral and rarely annular. 

We wish to thank Dr. A. C. Ivy for his valuable suggestions and assistance 


during the course of this work, and Dr. Edwin G. Kirk of the Postgraduate 
Hospital and Medical School for special pathologic preparations. 











THE FOOD REQUIREMENTS OF CHILDREN 
V. PERCENTAGE DISTRIBUTION OF CALORIES * 


L. EMMETT HOLT, M.D., ann HELEN L. FALES 
NEW YORK 


In the preceding articles in this series we have discussed the total 
caloric need of the average healthy child and the amounts of the 
different food constituents—protein, fat and carbohydrate—which should 
make up the diet. The next point to be considered is the relation of 
these food constituents to each other and the relation of each to the 
diet as a whole; in other words, the percentage distribution of the total 
calories into those given as fat, as protein and as carbohydrate. 

In order to determine the usual relation of the constituents of the 
diet, we have calculated the percentage distribution of the calories in 
the diets of the 106 healthy children from 1 to 18 years of age studied 
by us. The values thus obtained for the individual observations are 
shown in Chart 1. The proportion of the total calories taken as 
protein is shown at the bottom, that as fat in the middle and that as 
carbohydrate at the top. 

It is evident that the proportion of the calories taken as protein 
shows the least variation. The average value for all the cases, regard- 
less of age, is 15 per cent. The range is from 11 to 23 per cent., 
while more than one-half the values are between 14 and 16 per cent. 

The per cent. of the total calories taken as fat varies much more 
widely. The range is from 21 to 51 per cent., but three-fourths of the 
values are between 30 and 40 per cent. The average of all the cases is 
34 per cent. 

The proportion of the total calories taken as carbohydrate also shows 
wide variation. The range is from 38 to 65 per cent., but three-fourths 
of the values are between 44 and 55 per cent. The average is 51 
per cent. 

There was no regular variation with age, although the per cent. of 
the total calories taken as protein was slightly higher in the early 
years. This is more clearly brought out in Table 1, which gives the 
average distribution of the calories according to years. 

Although there are fairly wide individual variations, it is evident 
that in the mixed diet commonly taken by healthy children the calories 
are distributed with surprising regularity. The average of the values 


* Received for publication, June 14, 1922. 
*From the laboratories of the Rockefeller Institute for Medical Research 
and the Babies’ Hospital. 
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obtained in our cases may be assumed to represent the usual distribution 
of the calories in the diet of healthy children. It seems reasonable 
to make this assumption, when the large number of cases studied is 
considered, and when it is recalled that the children observed were not 
a group under any one supervision, but were children in private families 
in rather scattered localities. Not all of the children lived in New York 
City. Several lived in Boston, two in Pittsburgh, one in the South 
and many in New Jersey and Long Island. Regardless of age, the 
average distribution of the calories taken was as follows: fat, 34 per 
cent.; carbohydrate, 51 per cent.; protein, 15 per cent. This may 
conveniently be expressed in round numbers as 35, 50 and 15 per cent., 
respectively. Therefore, healthy children were found to take, on the 
average, practically one-half their calories as carbohydrate, a little 


TABLE 1.—Averace PERCENTAGE DISTRIBUTION OF 
CALORIES TAKEN BY CHILDREN 





























Age, Years No. of Cases Fat Carbohydrate Protein 
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more than one-third as fat, and only one-sixth as protein. Since 1 gm. 
of fat has two and one-fourth times the caloric value of 1 gm. of 
protein, it is evident that in these proportions the amounts of fat and 
protein are practically equal, while the amount of carbohydrate is a 
little more than three times as great as either the fat or protein. 

The total calories needed by a child of average activity at different 
ages have been estimated by us in a former article. Using the average 
distribution of the calories given above, the theoretical requirements in 
fat, carbohydrate and protein have been calculated. Charts 2 and 3 
show this distribution of the total daily calories for both sexes 
throughout the period of growth. Charts 4 and 5 give for both sexes 
the distribution of the calories per kilo. 

Table 2 gives the average daily requirement in grams of fat, carbo- 
hydrate and protein calculated according to this distribution. Table 3 


1. Holt, L. E., and Fales, H. L.: Am. J. Dis. Child. 24:1 (Jan.) 1921. 
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gives the grams per kilo. From these tables it is seen that the results 
arrived at in this way agree very closely with the estimated requirements 
of fat, protein and carbohydrate given in the detailed discussion of the 


theoretic needs for each of these constituents.’ 
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The variation from the average in total calories which are needed 
by individual children is considerable. This will undoubtedly cause 
some variation in the distribution of the calories. If the total caloric 
requirement is increased because of more than average activity, this 


2. Holt, L. E., and Fales, H. L.: Am. J. Dis. Child. 22:371 (Oct.) 1921. 
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increase may be met, as has been previously stated, by raising the 
carbohydrate intake alone. This would increase the proportion of 
carbohydrate above the average and reduce the proportion of fat and 
protein, although the amounts of fat and protein remain unchanged. 
When the total caloric need is lessened because a child is overweight 
for height or oversize for age, all three constituents of the diet may 
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be reduced proportionally, the normal distribution of calories being 
retained. This is because the diminished caloric need for growth 
permits a reduction in the fat and protein as well as in the total caloric 
requirement. On the other hand, when a child is undersize for age or 
underweight for height, the total caloric need is greater than the 
average, and in such cases the usual distribution of calories should be 
retained, all the constituents of the diet being increased. 
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TABLE 2.—THEorRETICAL AVERAGE REQUIREMENTS OF HEALTHY 
CHILDREN—GRAMS DalLy 




















Boys Girls 
Age, Years Fat, | Carbo- | Protein, Fat, Carbo- | Protein, 
Calories, Gm hydrate, Gm. Calories, Gm. hydrate, Gm. 
Daily Daily Gm. Daily Daily Daily Gm. Daily 
Daily Daily 
1 35.8 35.0 940 35.4 114.7 34.5 
2 42.8 41.5 1,110 41.8 135.3 40.5 
3 48.0 47.0 1,230 46.4 150.0 45.0 
t 52.0 50.5 1,300 49.0 158.5 47.5 
5 56.2 54.5 1,410 53.2 172.0 52.0 
6 60.3 58.5 1.820 57.3 184.5 56.0 
7 65.8 64.0 1,660 62.6 202.2 61.0 
~ 72.5 70.5 1,815 68.5 221.3 66.5 
9 80.0 78.0 1,990 75.0 242.8 73.0 
10 87.7 | 85.5 2,195 82.5 268.0 80.0 
11 94.5 92.0 2,520 95.0 309.8 92.5 
12 108.0 | 100.0 2,865 108.0 349.5 105.0 
13 114.5 | 111.0 3,210 121.0 391.7 118.0 
14 128.0 | 125.0 3,330 125.5 406.0 122.0 
15 145.0 | 142.0 3,235 122.5 394.5 119.0 
16 154.0 | 150.0 3,160 119.0 385.2 116.0 
17 148.5 | 145.0 3,060 115.5 373.2 112.0 
18 140.5 137.0 2,950 111.0 360.0 108.0 
Adult 123.0 400.0 120.0 2,640 100.0 322.0 97.0 
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Boys Girls 
Age Fat, Carbo- | Protein, | Fat, Carbo- | Protein, 
Years Calories,| Gm. per | hydrate, Gm. per Calories, Gm. per | hydrate, Gm. per 
per Kg. Kg Gm. per Kg. -per Kg. Kg. Gm. per Kg. 
Kg. Kg. 
1 100 3.8 12.2 3.7 101 3.8 12.3 3.7 
2 98 3.5 11.3 3.4 94 3.5 11.5 3.4 
3 88 3.3 10.7 3.2 7 3.3 10.6 3.2 
4 84 2 10.2 3.1 82 3.1 10.0 3.0 
5 82 3.1 10.0 3.0 78 2.9 9.5 2.9 
6 80 3.0 9.8 2.9 76 2.9 9.3 2.8 
7 80 3.0 9.8 2.9 7 2.9 9.3 2.8 
8 80 3.0 9.8 2.9 76 2.9 9.3 2.8 
9 80 3.0 9.8 2.9 76 2.9 9.3 2.8 
10 80 3.0 9.8 2.9 77 2.9 9.3 2.8 
11 8&0 3.0 9.8 2.9 80 3.0 9.8 2.9 
ir4 RO 3.0 9.8 2.9 8O 3.0 9.8 2.9 
13 80 3.0 9.8 2.9 79 3.0 9.7 2.9 
14 80 3.0 9.8 2.9 74 2.9 9.0 2.9 
15 80 3.0 9.8 2.9 67 2.5 8.2 2.5 
16 75 2.8 9.2 2.7 62 2.3 7.6 23 
17 69 2.6 8.4 2.5 58 2.2 7.1 2.1 
18 62 2.3 7.6 2.3 56 2.1 6.8 2.0 
Adult 48 1.8 5.9 1.8 44 1.7 5.4 1.6 
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In animal nutrition much emphasis has been placed on the impor- 
tance of the “nutritive ratio” which is the relation of the sum of the 
fat and carbohydrate calories to the protein calories. The publications 
of the United States Department of Agriculture contain a great deal 
of information concerning the nutritive ratio which gives the best 
results in the feeding of animals. It is commonly held, according to 
Washburn and Jones,’ that a nutritive ratio of 8:1 or 9:1 is proper 
for mature animals, while growing animals should receive a diet with 
a nutritive ration of 3:1 or 4:1. 

The average diet of growing children, having a_ percentage 
distribution of calories of 35, 50 and 15, respectively, has a 
nutritive ration of 5.7:1. This value falls between that used for 
young animals and that used for mature animals. To obtain in the 
diet of young children the nutritive ratio used in feeding young 
animals, that is, 3: 1 or 4: 1, it would be necessary for the child to take 
from 20 to 25 per cent. of the total calories as protein. So large an 
intake of protein is not, according to our observations, usual in the 
diet of healthy children, and it seems probable that a diet with a 
nutritive ratio of 5: 1 or 6:1 provides sufficient protein for the growing 
child. 

Animals grow much more rapidly than children. Furthermore, 
the normal activity of young animals in most cases equals or even 
exceeds that of the mature animals. This activity gives rise to a demand 
for early muscular development. Both these factors, rapid growth 
and early muscularity, cause an increased need for protein in the diet. 

The ration usually considered standard for adults consists of 100 
gm. fat, 400 gm. carbohydrate and 100 gm. protein daily. This gives 
a distribution of the total calories as follows: fat, 31 per cent.; carbo- 
hydrate, 55 per cent. ; protein, 14 per cent. The average diet of soldiers 
in the United States Army training camps, as computed by Murlin,* 
had very nearly the same percentage distribution viz: fat, 31 per cent. ; 
carbohydrate, 56 per cent.; protein, 13 per cent. This distribution does 
not differ very widely from the average we have found in the diets of 
children, that is, 35, 50 and 15, respectively. The evidence which has 
been presented, however, shows that children have greater needs for fat 
and protein than adults. Hence, it seems necessary to supply a higher 
proportion of fat and of protein than is allowed in the adult ration. 

The reports published by other authors of actual diets taken by 
children show, as would be expected, considerable variation in the per- 
centage distribution of the calories. In most cases, however, the protein 
taken ranges from 15 to 20 per cent. of the total calories. When the 


3. Washburn, R. M., and Jones, C. H.: Vermont Agric. Exper. Sta. Bull. 195. 
4. Murlin, J. R., and Hildebrandt, F. M.: Am. J. Phys. 49:531, 1919. 
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total calories were very high, the excess was nearly always in the form 
of carbohydrate, so that the proportion of protein was low, in some 
cases as low as 11 per cent. of the total calories. This occurred in the 
diets reported by Miller * and in the average intake of the adolescent 
boys studied by Gephart.° 

The proportion of calories supplied by fat in reported diets varies 
widely but in most cases lies between 30 and 40 per cent. An excep- 
tion is found in the observations reported by Camerer,’ in which the 
fat supplied only from 20 to 30 per cent. of the total calories, while the 
proportion furnished by carbohydrate was very high, usually between 
60 and 65 per cent. 

In Camerer’s schedule for the feeding of the child throughout the 
period of growth the proportions of the different constituents of the diet 
are varied with increasing age. He recommends giving 37 per cent. of 
the calories as fat at 1 year but reduces the allowance gradually to 23 
per cent. at 5 years of age, maintaining this value throughout the 
remainder of growth. This reduction in fat is met by increasing the 
carbohydrate. In his schedule, the proportion of carbohydrate rises 
from 45 per cent. of the calories at 1 year to 60 per cent. at 5 years 
and remains at this figure throughout the remainder of the growth 
period. His protein allowance at 1 year supplies 18.5 per cent. of the 
total calories. The proportion is diminished to 17 per cent. at 5 years 
and remains at this figure during the remainder of growth. His dis- 
tribution throughout the greater part of the growth period, therefore, 
may be expressed as 23, 60 and 17. 

The diet schedule for young children suggested by Steffen * allows 
a very high proportion of the calories as fat, more than 50 per cent. up 
to 3 years and more than 40 per cent. through the seventh year. 

Uffelmann ® suggests for young children diets which have a distri- 
bution of calories very similar to our average, the fat a little lower and 
the protein a little higher. Very few of the other observers who have 
made recommendations as to total caloric intake have suggested how 
this should be distributed as fat, carbohydrate and protein. 

The conclusion to be drawn from all the observations and discussions 
presented in this series of articles is the emphasis to be placed on the 
importance of the balanced ration. We have shown that the protein 
need of the growing child is very important and there seems to be 
fairly general unanimity as to the amount required. All evidence seems 
to indicate that when 15 per cent. of the theoretical total caloric need 








Miller, E.: Biochem. Ztschr. 5:143, 1907. « 
. Gephart, F. C.: Boston M. & S. J. 176:17, 1917. 
. Camerer, W.: Stoffwechsel des Kindes, 1896. 
. Steffen, W.: Jahrb. f. Kinderh. 46:332, 1898. 


9. Uffelmann, J.: Hygiene des Kindes, 1881. 
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is supplied by protein, the nutritive needs in protein are met. The 
amount of fat required is still a subject of debate but it seems reasonable 
and desirable that the amount of fat given to the growing child should 
be equal to the amount of protein. Since fat has two and one-quarter 
times the caloric value of protein, equal amounts of fat and protein 
would supply calories in the proportion of 2.25:1. Therefore, when 
the protein furnishes 15 per cent. of the total calories, an equal amount 
of fat would furnish about 35 per cent. The remaining caloric need, 
that is, 50 per cent. of the total calories, would then be supplied by 
carbohydrate. 

When this distribution is deviated from to any marked degree for 
a long period, that is, when what seems to be a proper balance of the 
diet is disturbed, various undesirable results may follow. If the 
protein is reduced much below 15 per cent. of the caloric requirement, 
the nutritive need may not be met. If the fat given supplies much 
less than 35 per cent. of the total calories it usually happens that the 
carbohydrate intake is excessive and distribution of digestion may fol- 
low. If the fat given supplies too high a proportion of the calories 
the fat tolerance of the child may be exceeded and digestive disturbance 
may result from the excess of fat. High fat with high protein forms 
a food combination likely to cause constipation. Low fat with high 
carbohydrate is apt to cause looseness of the bowels. A large carbo- 
hydrate intake means a reduction in the necessary protein and probably 
equally important fat. 

On the whole, one may conclude both from theoretical considera- 
tions and from practical observation that a diet in which the fat supplies 
35 per cent. of the total calories, the protein 15 per cent. and the 
carbohydrate 50 per cent., is one which meets the nutritive needs of 
the child after infancy, which is well borne by the digestive system 
and may be considered a well balanced ration. 


















THE USE OF RADIANT HEAT—LIGHT—IN THE 
TREATMENT OF OTITIS MEDIA * 


H. J. GERSTENBERGER, M.D., ann C. T. J. DODGE, M.D. 


CLEVELAND 


The great value of the quartz mercury are ultraviolet ray as a 
therapeutic measure in various diseases, but especially in rickets, tetany 
and in certain forms of tuberculosis, has been established beyond ques- 
tion in numerous reports by men of excellent standing, appearing 
especially in German journals, 

As a result a great deal of enthusiasm has been developed for ultra- 
violet ray therapy and for light therapy in general as well. The latter 
was responsible for some very interesting work by Oeken* on the use 
of heat rays in the field of otology. To produce these rays, a smali, 
600 candle power, white glass “Sollux” lamp was used, which is the 
same, or practically the same, as the higher Watt white glass nitrogen 
bulbs made in the United States. In the “Sollux” outfit the rays are 
projected forward and concentrated without causing a burn by the use 
of a parabolical concave reflector made of aluminum. 

eken’s patients were mainly adults, and he had them sit in com- 
fortable arm chairs during the exposure, which lasted on an average 
for a full hour. The lamp was placed at a distance of 10 cm. from the 
sar and the patients were required to wear dark glasses set in leather 
and tied about the head with strings; in other words, these glasses are 
devoid of metal in parts that come in contact with the skin for the 
simple reason that the metal parts might get too hot and might cause a 
slight burn. Oeken states that in no case did he find any direct harm 
produced by exposure to the heat rays in the manner described. 

He reports his experiences in 258 cases of ear disease, divided as 
follows: (1) Fifty cases of acute simple otitis media; (2) fifty cases 
of perforative otitis media; (3) five cases of perforative otitis media 
with inflammation of the mastoid; (4) two cases of simple mastoid 
opening; (5) fifty cases of acute otitis media with exudate formation ; 
(6) one case of othematoma and (7) 100 cases of external auditory 
canal furuncles. 

In the fifty cases of acute otitis media with exudate formation he 
used, whenever possible, the heat rays in an energetic fashion by having 


* Received for publication, June 14, 1922. 
*From the Department of Pediatrics of Western Reserve University and 
the Babies’ Dispensary and Hospital of Cleveland. 
1. Oeken, W.: Die Anwendung der Warmestrahlen in der Ohrenheilkunde, 
Therap. Halbmonatsh. 34:661 (Dec. 1) 1920. 
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his patients take daily two sittings of one hour each. He states that 
after the first exposure the earache was markedly lessened and the 
patients felt better generally as well. In most cases the drum membrane 
cleared up within two to three days, the exudate was absorbed and the 
bulging of the membrane disappeared. Whatever deafness remained 
was soon relieved by using the air douche. In all the fifty cases he was 








Showing child being exposed to rays from Sollux lamp with towel over 
side of face to protect eyes. Lamp 10 cm. from ear. Duration of exposure, 
one hour; once or twice daily. 


able to control the infection and avoid a paracentesis. From four to 
ten exposures were necessary. He emphasizes that in these cases the 
ideal result for otologists is the complete restoration of the drum mem- 
brane to a normal state without scar formation, and he maintains that 
the heat rays are a most important aid in accomplishing this object. 
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Oeken goes on at this point to state that he began the use of the 
heat lamp with a great deal of pessimism, but after his experience with 
it he is convinced that without its use, in at least one third of the cases 
just discussed, a paracentesis would have been necessary. He writes 
that in his opinion, in addition to the marked analgesic effect that fol- 
lows even the first exposure, the avoidance of the painful paracentesis in 
these cases of acute otitis media with exudate formation will insure its 
permanent place as a welcome therapeutic measure. 

In his group of fifty cases of acute perforative otitis media, Oeken 
has included only those patients who came to him with the drum mem- 
branes already perforated. The course of treatment in these cases was 
as follows: (1) Cleansing of ear canal before exposure to light; (2) 
daily exposure to light for one hour at 10 cm.; (3) on an average, after 
the fifth day, an air douche once daily ; (4) the use of hydrogen peroxid 
three times daily at home. 

On an average ten exposures were necessary to cause a cessation of 
the secretion, the smallest number being three and the largest twenty. 
In all cases the drum membrane was completely healed and no deafness 
remained, and with these cases Oeken had the same good results in 
stopping earache and improving the general well being of his patients 
that he had with the other group. In one of his cases the difference 
between his own treatment without the lamp, on the one hand, and with 
the lamp, on the other, was especially made clear. This patient had 
come to him once before with a bilateral purulent otitis media which 
required four weeks of treatment, during the first two of which pain 
and discomfort were present. During the second attack of perforative 
otitis media, the regular treatment was augmented by the use of the 
heat rays, with the result that the earache disappeared immediately, the 
patient felt better generally, and after the eighth day he was able to 
work again. He states that the other forty-nine cases followed a 
similarly good course. Oeken admits, however, that with the exception 
of the clear cut and rapid disappearance of earache following the use 
of the heat rays it is, of course, difficult to judge in an objective manner 
the exact degree of improvement produced in these cases by the light 
rays inasmuch as many cases of perforative otitis media also clear up 
without their use. Nevertheless, he has the decided impression that 
since he has been using the light therapy this type of otitis media has 
been milder in degree and shorter in duration. 

In the care of other groups of cases Oeken likewise has experienced 
beneficial results with the use of the heat rays, but it would lead us too 
far to discuss these here. His general conclusions, however, as to the 
results obtained with the use of the heat rays in the type of cases under 
consideration are as follows: (1) Immediate removal of all pain. 
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(2) Marked resorption of exudates and as a result a lessening of the 
duration of the infection and a tendency to prevent pus formation. 
(3) A decrease of the necessity for operative interference—paracentesis 
and mastoid opening. 

How are these results brought about? Oeken’s opinion is that the 
remarkable hyperemia which is produced deep down in the tissues and 
which persists for hours is responsible. The well known healing power 
of hyperemia is more intense when produced by the heat rays and 
remains for a longer period than that produced by other methods of 
heat application. Whether any additional specific characteristics of the 
heat rays exist and operate in the production of this improvement Oeken 
states is still an unsettled question. 

Our own plan in trying out the treatment of otitis media with heat 





rays according to Oeken was to use them, following his directions, in 
two types of cases: (1) chronic suppurative otitis media and (2) early 
scarlet fever and measles showing normal drum membranes to see 
whether the development of otitis media in these diseases could be 
lessened. In this latter series an untreated case was to alternate with a 
treated one. The second plan, however, did not progress very far 
because of our inability to get adequate assistance in applying the light. 
The lamp was there long enough, however, to prove to the adult patients 
that it had a marked analgesic effect and as a result some of the atten- 
dants, without our permission, exposed sore fingers and the like to 
the rays. 

In this report, therefore, are included only our experiences with 
ambulant cases of chronic otitis media coming to the Babies’ Dispen- 
sary. Observations on five such cases were also made at one of the 
hospitals, but inasmuch as here, again, it was impossible to find sufficient 
help to see that the light was properly applied, these results are not 
included here. In the case of the ambulant patients coming to. the 
Babies’ Dispensary the mother who brought the patient was able to sit 
at the table and keep the child in the proper position and in this manner 
insure an exposure to the heat rays as ordered. 

The plan of treatment was as follows: 

(1) Cleansing of the external canal of any pus that was present 
when the exposure was to begin. 

(2) Exposure of the ear to the light for one hour at a distance of 
10 cm. The infants and children were placed on a table with the ear 
to be treated up. Dark eyeglasses, such as Oeken used, were applied, 
or the mother held a small towel over the face in front of the ear and in 


this manner protected the eyes. 
(3) Cleansing of the external auditory canal with hydrogen peroxid 
at home three times daily. 
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(4) Return for exposure to light once daily, except Sundays. 
This part of the treatment was carried out as desired only in a certain 
number of cases. Bad weather and lack of realization by the parents 
in others caused some irregularity in attendance. 

All of our patients had discharging ears for a period of four weeks 
or more. Thirty patients reported for one or more treatments. Of 
these sixteen stopped coming before a cure was effected, that is, com- 
plete cessation of the discharge and healing of the drum membrane. 
The facts concerning the latter are as follows: One left town. One 
was reterred to a hospital for mastoid operation which, however, was 
never performed. One and one-half months later the discharge stopped. 
Two developed measles. The ears of one of these patients, however, 
had healed when he returned to the dispensary fifteen days later. Two 
showed an incomplete cessation of the discharge, one after six treat- 
ments and the other after twenty-two treatments. In two no external 
discharge was present at the last visit, but the drum was still perforated 
and moist. Eight, no cause. 

Of the fourteen who continued to come, eleven were cured and by 
this we mean not only a cessation of the discharge, but also a healing 
of the perforation in the drum membrane. All of these cases showed 
a lessening of the discharge within two or three days. External 
excoriation disappeared simultaneously. Not only objectively but sub- 
jectively was there early and decided improvement. The most marked 
effect in infants is the change of disposition. The fretful, restless baby 
becomes happy and quiet after the first treatment. It sleeps better at 
night and its appetite improves. There is no doubt in the minds of the 
mothers about this, and this is an absolute corroboration of Oeken’s 
finding. 

To produce a cure, ninety-six exposures were required for the eleven 
cases, or an average of 8.7 per patient. The smallest number of 
exposures was two, and the largest fourteen. For the individual cases 
the number of exposures was as follows: 2; 4; 5; 5; 8; 8; 11; 12; 
13; 14; 14. 

When we consider that all of these children before treatment had 
discharging ears for four weeks or more and were uncomfortable 
during the same time, the rapid improvement in local and general 
discomfort and the healing of the drum membrane after a maximum 
number of fourteen exposures is remarkable and gratifying. 


Three of the fourteen patients are still coming. One of these is a 
relatively recent case and is improved, while the other two are extremely 
chronic cases, the one having had a discharging ear for eight years and 
the other for five years. The latter has shown a little improvement in 
that there is no external discharge. Through a large opening in the 
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drum membrane, however, thick, purulent material can still be seen. 
Thirty-two light treatments so far have been given this patient without 
causing a cessation of the discharge; in other words, this is a refrac- 
tory case. 

The former very chronic case is a colored boy in whom both mem- 
branes have been destroyed. When he came to us he was avoided at 
school on account of his foul aural discharge. For the past year he 
had been attending a nose and ear clinic once or twice per week. He 
showed a rapid improvement after the fifth treatment. After the 
nineteenth exposure to the heat rays all discharge had ceased in the 
right ear, while the left ear, which had not been treated with the light, 
showed no improvement. The left ear then was treated and ceased 
discharging after the sixth treatment. The right ear had a total of 
thirty-two exposures and the left a total of ten. Inasmuch as the drums 
are gone, we are continuing the light therapy twice a week for an 
indefinite period even though the ears have been completely dry for 
quite a time. A similar observation was made in one of the eleven 
cases mentioned above. In this case the light treated ear ceased to 
discharge while the untreated ear did not. In another case, however, 
which was temporarily treated at one of the hospitals and which is not 
included in this report, the opposite result was obtained, namely, the 
light treated ear continued to discharge while the untreated ear ceased 
discharging. Whether this was a coincidence, or whether it was due 
to a reflex hyperemia or to some other cause, we do not know. 

In picking out our patients to be treated with the heat rays, we 
intentionally took the seemingly refractory chronic cases of purulent 
otitis media because we felt that a decided improvement in these cas¢s 
after the use of the heat rays would really be of objective value, and it 
seems to us that we have obtained such a result and, therefore, we are in 
complete agreement with Oeken’s findings and conclusions for this 
group of cases. 

When one has used such a lamp and has seen the intense hyperemia 
produced by it without any discomfort to the patient—many infants 
sleep during the exposures—one realizes its great effectiveness and 
simplicity, and also its superiority over the contact method of applying 
local heat through the use of pads, bags and packs; and this difference 
is understandable when it is appreciated that the effective rays emitted 
from these lamps have relatively long wave lengths and, consequently, 
possess a great ability to penetrate deeply into the tissues where this 
light energy is transformed into heat energy with a resultant vasodila- 
tation and hyperemia. The local hyperemia produced by pads, bags 
and packs is much more superficial. 
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The actinic rays, or ultraviolet rays, of course, can play no part in 
the therapeutic result obtained in these cases for the reason that the 
relatively few that are produced by a nitrogen lamp cannot pass through 
the glass used in the manufacture of the bulb. Whether, however, the 
rays of longer wave lengths, especially those on the red and infra-red 
side of the spectrum, have any further specific effect in addition to this 
power of causing the deep hyperemia by deep penetration, remains at 
present an unanswered question. There are men who believe that the red 
and infra-red rays have a specific therapeutic property, and Thedering ? 
especially is of this opinion. He has offered a hypothesis which postu- 
lates among other things the idea that the red and infra-red rays balance, 


as it were, the violet and ultraviolet rays. 


CONCLUSIONS 

On the basis of our experience in treating persistent chronic cases 
of otitis media in infants and children with radiant heat—light—as dis- 
cussed above, we feel justified in concluding as follows regarding their 
therapeutic value: 

1. Local and general discomfort are in most cases removed after 
the first exposure. 

2. Virtually all cases show not only a cessation of the discharge, but 
also a complete healing of the drum membrane. 

3. On an average 8.7 exposures—from two to fourteen in the 
extremes—were sufficient to bring this result about. 

4. Without question radiant heat in the form of light is a thera- 
peutic measure of great value, which will be found useful not only in 
the treatment of otitis media in its various forms but also in other 
conditions in which the therapeutic effectiveness of an active hyperemia 


is desired. 


2. Thedering: Versuch einer theoretischen Begrtindung der _ Rotlicht- 
therapie, Miinchen. med. Wchnschr. 67:1919 (Sept. 24) 1920. 














INFANTILE RICKETS: THE SIGNIFICANCE OF CLIN- 
ICAL, RADIOGRAPHIC AND CHEMICAL EXAMI- 
NATIONS IN ITS DIAGNOSIS AND 
INCIDENCE * 


ALFRED F. HESS anno LESTER J. UNGER 


NEW YORK 


It is difficult, indeed impossible, as will be shown later, to state 
categorically the incidence of rickets. In large cities this has been 
variously estimated at from 50 to 75 per cent. or more among arti- 
ficially fed infants. In the course of caring for a large group of young 
children in a model institution, situated in the outskirts of the city, it 
occurred to us some years ago to inquire how frequently rickets 
developed under these favorable conditions. It seemed especially worth 
while to ascertain, by careful and continued observation, whether this 
disorder came about with the same frequency among these infants as 
among the infants in the average city home. Our group has comprised 
about 250 babies less than 18 months of age, who have been cared for 
during the past four years. A group of this kind, living under similar 
hygienic surroundings, and receiving at all times a carefully regulated 
diet, prepared in a central diet kitchen, presents an exceptional oppor- 
tunity to follow nutritional conditions and particularly to observe dis- 
turbances at their earliest beginning. ‘The babies were almost all of 
Russian Jewish parentage, a stock which is considered not peculiarly 
susceptible to rickets, or to other nutritional disturbances. All were 
free from clinical symptoms of syphilis and gave a negative Wasser- 
mann reaction—a test which, however, is of limited value at this time 
of life. Their diets were those most commonly used—pasteurized 
milk, dried milk, raw certified milk, given either in simple dilution or 
in special formulas. 

In order to lend uniformity to the data, these examinations, some 
two thousand in all, were performed by the same person almost 
throughout the entire period. This survey included notation of the 
weight, shape of the head, craniotabes, presence of teeth, bowing of 
legs and curvature of the spinal column, beading of the ribs, tonicity 
of the muscles, umbilical hernia, diastasis recti, enlargement of the 
spleen, etc. About three years ago monthly roentgenograms of the 
lower epiphyses of the ulna and radium and of the carpal bones became 
part of the routine examination, and for the past year a monthly 
analysis of the blood has been made, especially for its percentage of 





* Received for publication June 21, 1922. 
*From the Home for Hebrew Infants. 
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inorganic phosphate. It is these cases in which clinical, radiologic and 
chemical tests were carried out to which we shall devote particular 
attention. Most of the infants have been followed month by month 
for from six to twelve months, and many for a year or more. No 
case has been considered which has been under observation for less than 
four months. 

In spite of these improved diagnostic methods, the recognition of 
rickets has become increasingly difficult, due to our realization of the 
complexity of this disorder. It is more and more evident that there is 
no pathognomonic sign, no sign which can be accepted as invariable 
evidence of the presence of rickets. Among the symptoms frequently 
emphasized as of value in this connection, are head sweating, inability 
to sit or to stand at the normal age, delayed eruption of teeth, poor 
tonicity of muscles. Without entering into a detailed discussion of 
these phenomena, it may be stated that they all proved unreliable. 
Head sweating is a symptom of minor importance because it is fre- 
quently absent and is by no means specific of this disorder. The age 
of learning to sit or to stand depends on various other factors. As 
an example of its lack of dependability, a rachitic breast-fed baby may 
be cited which sat up well at 6 months of age. This infant showed the 
distinctive signs of rickets (rosary, enlarged epiphyses, radiographic 
picture) to greater degree than any infant included in Table 4. It 
was omitted from this table because it was of Italian parentage. The 
most significant factor associated with delayed dentition has been, 
in our experience, not rickets. but feeblemindedness. The instances in 
which mentally backward children did not erupt a tooth until 12 or 
15 months of age have been both numerous and striking. In these 
cases cod liver oil, given for six months, from three to six teaspoonfuls 
daily, did not induce dentition. On the other hand, there have been 
numerous cases in which the teeth erupted normally in the course of the 
development of rickets. 

Craniotabes.—On account of the many qualifications with which it 
is attended, craniotabes must be regarded as an unreliable sign of 
rickets. In young infants, those under three months of age, there is the 
difficulty, insurmountable in many instances, of differentiating it from 
the cranial softening of the newborn, which is not truly rachitic. It 
has its greatest diagnostic significance somewhat later, after the sixth 
month of life. It was found at some time in one-third of the babies 
in our institution. As the incidence of rickets in bottle-fed babies is 
always greater than this, it is evident that it is not a constant sign. 
Indeed, in the mild or moderate type of disorder such as we have had 
under observation, due to the fact that cod liver oil or heliotherapy 
was begun as soon as the roentgen ray showed any changes, craniotabes 


was absent more often than present. Its absence, therefore, has no 
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diagnostic significance. By the time the infants arrived at the age of 
6 months, or more, this sign was elicited only in 10 per cent. of the 
cases. In numerous instances the softening healed before, or even in 
the course of the development of the characteristic radiographic 
changes, so that had craniotabes been used as a criterion, the rickets 
would have been considered as cured. This quality, noted frequently by 
others, of complete healing despite a general advance in the rachitic 
process renders this sign unsuitable for a standard. Craniotabes has 
been associated in numerous instances with a normal content of 
inorganic phosphate in the blood, but frequently with an abnormally 
low percentage of calcium. 

Beading of the Ribs (Rosary).—Ogf all the direct clinical signs of 
rickets, beading of the ribs was found to be the most constant and 
reliable. Attention has been focused more and more on this sign in 
the 2,000 physical examinations which have been carried out in 
the course of this study, and lately its time of appearance has been 
compared with the advent of roentgenologic changes and a diminution 
in the inorganic phosphate of the blood. Beading occurs not only in 
rickets but in scurvy,’ so that it is impossible to interpret its nature 
when latent scurvy may be present. This question arose in connection 
with a few cases at the time of admission, but could be disregarded in 
relation to all other infants, as they received orange juice daily. One 
cannot state categorically that beading never occurs in other clinical 
conditions ; if it does, it is an exceptional manifestation, for there have 
been but two or three instances in which it could not be definitely linked 
with rickets. Six gradations of beading have been formulated, to the 
mildest of which (+) no significance was attached. Its value is greatest 
in the second half of the first year of life; during the first half of the 
second year it frequently becomes obliterated by the recession of the 
costochondral junctions, leading to the formation of the well known 
Harrison’s groove. Where this groove is present the sign should be 
disregarded. 

Tables 1 and 2 show the occurrence of beading of the ribs in its 
relation to radiologic changes and diminution of the inorganic phos- 
phate of the blood. In Table 1, composed of three representative cases 
in which rickets developed on certified raw milk, it will be noted that 
beading frequently precedes the radiographic evidence, and that it may 
or may not antedate the chemical alteration of the blood. The third case 
serves to illustrate the marked distinction between the value of beading 
for early diagnosis and for beginning cure. This infant was cured 
rapidly by means of irradiations from the carbon are lamp. In spite of 
the pronounced healing clearly shown by the roentgen rays as calcifica- 


1. Hess, A. F., and Unger, L. J.: Am. J. Dis. Child. 19:331 (April) 1920. 
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tion of the epiphyses, and by an analysis of the blood, the rosary did not 
diminish in size. This is frequently the case; in fact in some instances 
the costochondral junctions became more angular and firmer, probably 
as the result of calcification. Therefore, although beading may gradu- 
ally disappear under specific therapy, its persistence must not be 
regarded as indicating failure. 

Table 2 represents a comparative study of the first sign of rickets 
among the fifty-three infants supervised this year. Previous experience 
had led us to believe that beading of the ribs is a more reliable criterion 
in this respect than the radiographic picture. It will be seen that among 
the fifty-one cases of rickets, beading was the first sign in twenty-four 


TABLE 1.—INcipeNce or Signs (Raw MILk) 


December January February March April 
Ct hddon ds lvepademe + + ++ 
Roentgen ray.......... Negative Negative Negative R ckets Rickets 
PROGPRIOTOSR. «0.006000 3.45 a, ee ere 3.23 3.17 
a, aa ; ss ae a = 
Roentgen ray......... Negative Negative Negative Mild rickets Mod rickets 
Phosphorus.... ‘ Ba 8, \eteabeos 2.94 2.93 2.85 
Carbon are lamp 
eee + + b= a ae 
Roentgen ray.......... Negative Mild rickets Healing Healed 
PROGHROTUB, «6.000.000 4.00 3.69 4.29 4.25 


TABLE 2.—First Sicn or Rickets (51 Cases) 





Nl " a ee ae ee ee ms 
Dried Raw Protein Total 











Milk } Milk Milk 

En Peer re re ee eee Pee 14 9 } 1 24 
EN dgiesse ecdesisensssesunses . | 0 1 2 
6s 6s nd cteeekecnarundes 4 2 1 7 
ge | 1 0 0 1 
Ee 4 I vc cidsindccencscecsces 5 2 1 8 
Roentgen ray + phosphorus................ 2 0 0 2 
Rosary + roentgen ray phosphorus..... 2 | 3 2 

Ne EAS nado ceriezndscenteiend des 29 16 6 51 


instances, and in sixteen instances occurred simultaneously with one 
or more other signs. This order of precedent, however, may not hold 
good for every diet and under all hygienic conditions. Rickets, associ- 
ated with a certain diet, may be characterized by distinguishing lesions. 
In this respect the divergent histologic pictures may be called to mind 
which develop in rats fed a low phosphorus and high calcium diet, 
compared to that resulting from a diet low in calcium and high in 
phosphorus; the former is characterized by a broad band of cartilage 
not seen in the latter. Whereas the rickets associated with raw certified 
milk, or with breast milk, is accompanied by an early enlargement of 
the costochondral junctions, that associated with a diet of condensed 
milk has seemed to be characterized by bowing of the legs. 
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Roentgenogram of the Epiphyses——The fact that beading of the 
ribs is a subjective sign, fluctuating according to the experience or the 
point of view of the examiner, lessens its value. It might be thought 
that radiologic examination of the epiphyses is purely objective and, 
therefore, not open to this criticism. It is true that it is easy to inter- 
pret marked rachitic lesions, those characterized by decided cupping of 
the ends of the bones, especially of the ulna, and by a diminished 
calcification of the shafts. But in endeavoring to discover early rickets 
many instances were encountered which led to questioning. Every 
month in the course of a scrutiny of about seventy-five roentgenograms 
there have been at least four or five films which could not be diagnosed 
satisfactorily. If this perplexity exists when previous roentgenograms 
are available for comparison, as well as a clinical record of the case, how 
much greater must be the uncertainty when the diagnosis has to be 
made from a single roentgenogram. The main obscurity has been 
the pathologic significance of what may be termed “slight spreading”’ 
or “spreading” of the ulna. In some instances this deformity has 
developed later into “slight rickets,” in some it has remained stationary 
although other rachitic signs have developed. 

This is merely one aspect which has rendered radiographic diagnosis 
unsatisfactory and disappointing. A criticism of wider applicability is 
that the roentgenogram frequently is negative, although beading of the 
ribs, the diminution of inorganic phosphate, and the general appearance 
of the infant clearly point to rickets. Table 2 shows that among fifty- 
one cases the diagnosis was first established by means of the roentgen 
ray in only two, and that only in ten other instances did it furnish 
evidence as early as the clinical or chemical tests. A survey of our 
complete data leads to the same conclusion. Two hundred and forty- 
four cases have been radiographed month by month by Dr. Charles 
Gottlieb, comprising almost 2,000 individual photographs. One hundred 
and forty-nine of these have shown rachitic changes roentgenologically. 
In how many did the roentgen ray and in how many did beading of 
the ribs give the first evidence of rickets? In thirty-one cases both 
appeared simultaneously, so that these must be deducted from the total, 
leaving 118 as a basis of comparison. In fourteen cases the diagnosis 
was first established by roentgen ray, and in 104 by beading of the ribs. 

How can this comparative precocity of beading be explained? No 
doubt, it is partly attributable to the fact that we are not comparing 
the same articulations. The costochondral junctions are involved early 
in rickets, due probably to the rapid growth of the ribs, and could they 
be radiographed satisfactorily, the roentgen ray would not be so tardy 
in diagnosis. In our experience raying of joints, other than the wrist, 
furnishes still later information. In numerous instances several articu- 
lations of the extremities were examined roentgenologically, but in none 
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were lesions seen when the wrist joint appeared normal. There is 
another aspect which should be referred to. In the course of a general 
physical examination the epiphyses of the wrist were found enlarged in 
surprisingly few cases, far less than among the negro babies examined 
by us some years ago, or in the breast-fed babies represented in Table 4. 
This sign of rickets is very inconstant and is found most often in well 
nourished infants. It is of interest in this connection because the wrists 
may be enlarged to palpation and, nevertheless, be negative to the 
roentgen ray; in one instance where the epiphyses were distinctly 
enlarged, repeated roentgenograms were negative. Furthermore, in the 
great majority of cases in which rickets was diagnosed by roentgeno- 
grams of the wrists, the epiphyses apparently were normal in size and 
contour. 

It should be borne in mind that these statements regarding the 
unreliability of roentgenograms apply solely to early diagnosis. In 
distinguishing the healing of the rachitic process, the roentgen ray is 
invaluable and gives evidence far in advance of simple clinical signs. 
Indeed, in this respect, as stated, beading of the ribs may be absolutely 
misleading. It is remarkable how quickly the epiphyses respond .to 
specific therapy or to “change of season” by the formation of a more 
or less intense line of preparatory calcification. This response of the 
epiphyses to curative agents is so reliable that it has been employed by 
Mellanby in dogs * and by Howland and Park in infants,* to demon- 









strate the specific therapeutic value of cod liver oil. 






Centers of Ossification of the Carpus.—The relation of the develop- 
ment of the carpal centers to the early diagnosis of rickets may be 






dismissed in a few words. The time of appearance of these centers 






seems to depend primarily on rate of growth, and to be influenced 
mainly by factors which affect this rate. An exception may be made 
to this statement in regard to premature infants, which generally show 








delay in the appearance of the carpal centers. The cases of rickets 






under consideration, which in most instances were so mild as to escape 
casual diagnosis, and were detected only by means of refined methods, 
showed no retardation of growth in weight or in length and likewise 
no delay in carpal development. As an illustration of the lack of 
interrelationship between rickets and carpal development, the case of 
a breast-fed baby may be cited which developed rickets when 4 months 
of age, although two carpal centers were manifest before she was 2 










months of age. 











2. Mellanby, E.: Medical Research Committee Special Report, Series 38, 
London, 1919. 
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Inorganic Phosphate of the Blood.—Recently Howland and 
Kramer * reported that the inorganic phosphate of the serum is regu- 
larly reduced in infants during active rickets. In the course of the past 
year this test has been included in the monthly examinations. For this 
purpose the Bell and Doisy colorimetric method was used, with the 
modification that paraffined tubes were employed instead of adding 
oxalate to the blood. The normal plane of inorganic phosphate, as 
determined by this method, is approximately from 4.0 to 4.8 mg. per 
100 c.c. of blood. Percentages of 3.75 mg., or less, were considered 
within the rachitic range. It would lead too far afield, nor is the time 
ripe, to discuss in detail the significance of a diminution of the inorganic 
phosphate of the blood. We have met with cases of undoubted rickets 
where the blood phosphate was not decreased, and some where it was 
found to be below 3.75 mg. per cent., and an observation of several 
months showed no clinical or radiologic evidence of rickets.*° In one 
instance of this kind where the diet had been raw certified milk, his- 
tologic examination of the epiphysis of the ulna was negative. There 
are evidently factors other than rickets which tend to a reduction of 
the inorganic phosphate of the blood. Recent investigations lead to 
these deductions. In this connection experiments on the rickets of rats 
should be borne in mind, which clearly show that although low inor- 
ganic phosphate of the blood generally accompanies rickets, the diet 
may be so constituted that the inorganic phosphate is greatly diminished 
and yet rickets not result. Hess and Lundagen * have shown that there 
is a marked seasonal tide in relation to the inorganic phosphate of the 
blood, that in almost all infants there is a tendency for this constituent 
to fall gradually during the winter months, reaching its lowest ebb in 
March, gradually rising to its flood in the summer season. 

In spite of these factors, rickets seems to be the most important 
clinical disorder associated with low phosphate, and although the test 
cannot be considered pathognomonic of rickets, it is of distinct value 
in early diagnosis. The percentage of phosphate seems to bear some 
relation to the nature of the diet, a diminution coming about more often 
and, earlier on dried milk or on protein milk than on raw milk. It 
cannot, however, be brought back to the normal, or regularly increased 
by adding large amounts of phosphate to the dietary (K,HPO,, 2 gm. 
daily). Table 2 shows that in seven of fifty-one cases this sign preceded 
all others, and that in seventeen other instances it was noted simul- 





4. Howland, J., and Kramer, B.: Am. J. Dis. Child. 22:105 (Aug.) 1921. 

5. In three cases of this kind cod liver oil was given for one month, from 
March 20 to April 20, and brought about decided increases in the inorganic 
phosphate of the blood: from 3.58 mg. to 4.03 mg., from 3.03 mg. to 4.21 mg., 
from 3.55 mg. to 4.11 mg. 

6. Hess, A. F., and Lundagen, M.: Proc. Soc. Exper. Biol. & Med. 19: 1922. 
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taneously with one or other signs. It is, therefore, to be regarded as an 
early phenomenon of rickets. Unless a consecutive series of tests is 
available for comparison, an analysis showing low inorganic phosphate 
does not indicate whether the rachitic process is healing or advancing. 
When, however, previous figures are at hand, this test generally will 
be found of value in judging the trend of the disorder. It cannot be 
relied on in this regard. Instances have been encountered in which 
roentgenograms showed healing and the inorganic phosphate had 
increased but little; for example, cod liver oil was given to an infant 
from May 12 to June 13 and the inorganic phosphate rose only from 
3.33 to 3.54 mg., whereas the roentgen ray showed definite healing. 
The most reliable criterion of healing is the roentgenogram. 


THE INCIDENCE OF RICKETS 


As stated, there are no reliable statistics of the incidence of rickets. 
This is true of urban and of rural communities, but especially so of the 
latter. Various approximations have been made—some years ago by 


TABLE 3.—INcwweNceE oF Rickets UNpbEer 18 MoNntTHs 
221 Necropsiges (SCHMORL) 


Number of Age, Total Rickets Rickets Absent 











Children Months - -- a — —_——— 
Cases Per Cent. Cases Per Cent. 
34 4- 6 33 97 | 1 3 
) 


53 7- 9 nO 94 3 6 
10-12 3 $ 





Kassowitz, more recently by Findlay and by Thompson, and for colored 
infants by Hess and Unger—all based on estimations or on simple 
physical examinations. No attempt has been made to use the roentgen 
ray to obtain more accurate data. Nor has any inquiry of this kind been 
confined exclusively to a short period of the year, for example, to one 
or two of the winter months, when rickets flourishes. The test of the 
blood for inorganic phosphate is, of course, too recent an innovation to 
have been employed for this purpose. 

To our knowledge there is but one study of the incidence of rickets 
from a pathologic point of view—that of Schmorl ‘—a routine investi- 
gation of cases as they came to necropsy for one cause or another. A 
study of this kind has the great advantage of being able to discern, and 
therefore to include, active as well as inactive, incipient as well as 
healed rickets. A table has been prepared summarizing part of this 
investigation (Table 3), namely the data bearing upon 221 necropsies 
made on infants under 18 months of age, the age period embraced by 


7. Schmorl, G.: Ergebn. d. inn, Med. u. Kinderh. 13:403, 1914. 
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our study. On consulting this table it is seen that more than 96 per cent. 
of the infants showed lesions of rickets and that histologic changes were 
absent in only seven of the 221 cases. 

In a clinical study the percentage of rickets wilt depend to a far less 
extent on the diet of the infants than on incidental factors. It will vary 
greatly according to the variety of the diagnostic methods and the care 
and understanding with which they are employed, and also according 
to the season or even the month of the year when the examinations are 
carried out. All agree that the diet in which rickets develops least often 
is breast milk. In order to ascertain its incidence on this diet, a careful 
examination of twenty-five breast-fed infants, similar in nationality to 
those in our institution, was carried out in a baby welfare station. A 
glance at the weight in relation to the age of these babies—varying from 
4 to 10 months—shows that they were an exceptionally well developed 
group * (Table 4). The test for inorganic phosphate was omitted. The 
result of this study is reproduced in the table. It will be noted that ten 
babies, or 40 per cent., showed rickets by roentgen ray, nine had decided 
beading of the ribs (-++), and seven had craniotabes. Leaving cranio- 
tabes out of consideration, and including only such cases as showed 
rickets either roentgenologically or by beading, it is found that thirteen 
of twenty-five, or more than one-half, had rickets. This high percent- 
age may seem surprising. It is due to the fact that the investigation 
was carried out at the end of March, a time when every potential case 
of rickets had developed and none had undergone spontaneous cure. 
Most of these infants had to depend on breast milk to protect them from 
rickets and were deprived of the powerful adjuvant of sunlight. In 
this respect breast milk is not endowed with a marked factor of safety. 

Our experience with bottle-fed babies coincides in general with the 
pathologic report of Schmorl.*. If the most refined tests are employed 
and careful examinations are carried out at a time when the incidence is 
highest, almost all artificially fed infants will be found to have a certain 
degree of rickets. This, of course, does not apply to the exceptional 
infant who receives an abundance of sunlight.” This year, at consider- 


8. In view of the theory which suggests a lack of fat soluble vitamin as 
the determining factor in rickets, it may be remarked that the mothers also 
were well nourished. Many of them consumed a quart of milk a day; on 
account of religious scruples they do not eat oleomargarine but only sweet 
butter. In this connection reference may be made to a breast-fed infant in our 
institution which developed rickets. It was the baby of a wet nurse whom we 
know to have been on a liberal diet which included fresh vegetables and one or 
two quarts of milk daily. 

9. Nor does it apply with equal force to the baby born in the winter, and 
who at the end of March—the peak of the rickets season—is but 3 or 4 
months of age. It has seemed that infants born about the beginning of February 
were least likely to develop rickets; they are subjected to only a few months 
of lack of sunlight and then enjoy a prolonged period of intense sunlight. Under 
ordinary conditions rickets does not develop after the beginning of May. 
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able expense, we attempted to prevent rickets by means of feeding a 
large number of babies on certified raw milk. In spite of this excellent 
diet they developed evidences of mild rickets in the course of the winter. 
Of the entire group of fifty-three infants, only two were entirely free 
from signs of this disorder ; if we do not accept low inorganic phosphate 
as equivalent to rickets, seven additional cases must be considered as 
negative, making nine in all. In our opinion certainly all of these seven 
cases should not be excluded, as a diminution of inorganic phosphate 
generally is associated with rickets. It should be borne in mind that 
these figures do not apply to one month of the winter but to the entire 
period ending in April. The incidence of rickets increases steadily 
month by month throughout the winter, being far greater in March than 
in January, the decrease beginning toward the end of April (in the 
temperate zone), depending somewhat on local climatic conditions and 
especially on the character of the season.’ If these fifty-three cases are 
judged by the classic text book description of rickets, only nineteen fall 
into this category. This indicates how difficult it is to state the fre- 
quency of rickets, and how its incidence will appear to be high when 
intensive examinations are employed. These newer diagnostic methods 
enabled us, however, to begin treatment at the earliest moment, so that 
many cases were cured in January or February by means of cod liver 
oil or heliotherapy, which would not have been recognized under 
ordinary circumstances until some months later when they had become 
more evident. 
CONCLUSIONS 

With our broader conception of rickets, diagnosis has become 
increasingly difficult. Of the immediate clinical signs the most reliable 
is beading of the ribs, to which more attention should be paid. The 
great disadvantage of this sign is that it does not aid in differentiating 
between the active and the inactive phases of the disorder. 

Roentgen ray examination of the epiphyses has proved disappoint- 
ing. Frequently it does not demonstrate lesions at a time when the 
diagnosis can be established definitely by other methods. <A negative 
roentgenogram has, therefore, little value in deciding the question of 
early rickets. It is a most valuable sign, however, in judging whether 
rickets is healing or whether a therapeutic agent is of value. 

The inorganic phosphate of the blood is generally diminished in 
rickets in the early stages, long before the roentgen ray gives evidence 
of the disorder, and frequently as early as, or earlier than, beading of 
the ribs. It is not, however, pathognomonic, as there are other factors 


10. The winter of 1920-1921 was particularly mild, and rickets was corre- 
spondingly mild and began to disappear early; the previous winter was 
exceptionally severe leading to marked rickets and a prolongation of its season. 
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leading to a diminution of inorganic phosphate. On the other hand, 
rickets is occasionally met with where the blood analysis is normal in 
this respect, 

A group of well nourished breast-fed infants, examined clinically 
and by roentgen ray at the end of March, showed rickets in more than 
50 per cent. of the cases. 

Rickets is not only more prevalent in the winter but its incidence 
increases month by month until April. It is far more frequent in March 
and April than in December and January. If its incidence is studied 
when it is at its flood, and use is made not only of the ordinary clinical 
signs, but also of the newer methods of diagnosis (roentgen ray and 
chemical tests) we shall find that almost all bottle-fed infants give some 


indication of rickets. 














THE FAILURE OF YEAST THERAPY IN THE 
FEEDING OF INFANTS * 


WILBURT C. DAVISON, M.D. 


BALTIMORE 


Because yeast can be substituted successfully for part of the protein 
requirements of an adult,’ is nontoxic,’ will apparanently improve skin 
diseases in adults,* cure polyneuritis in pigeons,* and cause rats on an 
inadequate diet to gain in weight,® numerous advertisements in the 
non-medical press have acclaimed that yeast in various forms is a 
panacea for the ills of man and that even infants would be improved 
by a tablet or two a day. That this conclusion is falsely derived from 
inapplicable premises is proven not only by the elementary rules of 
logic, but, furthermore, experiments ® have shown that when applied to 
infants, yeast therapy is not only without benefit but may actually 
do harm. The evidence reported here merely confirms these latter 
publications. 

Demonstr: tions of the value of vitamin therapy in the feeding of 
normal infant: are not convincing’ for the majority of them will 
gain on a dietary regimen alone. If yeast has any real value in causing 
an infant to gain in weight, it should be fed to patients convalescent 
from acute intestinal indigestion or to infants suffering from nutritional 


* Received for publication, May 19, 1922. 

*From the Department of Pediatrics of the Johns Hopkins University and 
the Harriet Lane Home of the Johns Hopkins Hospital. 
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disturbances such as chronic intestinal indigestion (celiac disease) or 
to physically retarded children. The weight of these patients may 
remain practically stationary for weeks, and, therefore, the value of 
any therapeutic measures can be tested conclusively. Yeast in total 
amounts of one-quarter or one-half of a yeast cake per day was added 
to the diets of nine infants for periods of from eight to twenty-three 
days. One cake of fresh Fleishmann’s yeast was emulsified in 2 
ounces of sterile water and from 1 to 3 teaspoonfuls of the suspension 
(from 1/16 to 3/16 of a cake) was added to each of the infant’s 
milk feedings just before they were offered to the child. Inasmuch 
as abdominal distension occurred in some of these patients, and their 
stools became more frequent, and as heating yeast to 105 C does not 
destroy its growth promoting properties for rats,> the emulsions of 
yeast were made in boiling water after the first week of the experiment. 
Yeast suspended in boiling water did not produce as marked distension 
and diarrhoea as the unheated preparation. 


REPORT OF CASES 


Case 1 (25989).—W. M., white, male, aged 2 months, admitted to Harriet 
Lane Home Aug. 27, 1920. Diagnosis: Acute intestinal indigestion. 

Family History.—Negative. 

Past History.— Negative. 

Present Illness —Onset Aug. 11, 1920, with diarrhea and vomiting. Weight, 
7 pounds 10 ounces. 

Treatment.—Given protein milk, woman’s milk, buttermilk and finally whole 
milk and sugar formula and farina in amounts of from 94 to 117 calories per 
kilogram of body weight. Diarrhea and vomiting ceased soon after admission, 
and weight gradually increased to 10 pounds when discharged Dec. 15, 1920. 

Was given one-quarter of a yeast cake daily from Oct. 13, 1920, to Nov. 
5, 1920 (twenty-three days). Diet remained unchanged. During this period the 
weight did not increase more rapidly than before and after yeast therapy 
(Chart 1). 

Case 2 (246265).—E. G., white, female, aged 5 months, admitted to Harriet 
Lane Home May 25, 1920; weight, 7 pounds. Diagnosis: Acute intestinal 
indigestion. 

Family History —Negative. 

Past History.—Negative, except for nutritional disturbances. 

Present Illness—Onset March 7, 1920, with diarrhea and vomiting. 

Treatment.—Given protein milk, woman’s milk, buttermilk and finally whole 
milk and barley water formula, and farina in amounts of from 95 to 130 calories 
per kilogram of body weight. Diarrhea and vomiting ceased soon after admis- 
sion and weight gradually increased to 14 pounds 11 ounces when discharged 
June 29, 1921. 

The infant was given one-quarter of a yeast cake daily from Oct. 13, 1920, 
to Oct. 19, 1920, and then one-half of a veast cake daily until Nov. 4, 1920 
(twenty-two days). The diet remained unchanged, except for the addition of 
farina on the last day. Weight remained stationary during most of this period. 
The patient developed diarrhea, vomiting and slight fever (100 F.) during the 
last day of this period. She had had several similar upsets prior to yeast 
therapy (chart 1). 








FAILURE OF YEAST THERAPY 341 


Case 3 (25464).—E. D., white, female, aged 10 months, admitted to Harriet 
Lane Home Aug. 17, 1920; weight, 11 pounds. Diagnosis: Acute intestinal 
indigestion. 

Family History.—Negative 

Past History—Negative, except for nutritional disturbances. 

Present Illness —Onset June 18, 1920, with diarrhea and vomiting. 

Treatment.—Given protein milk, buttermilk, junket and finally whole milk 
and barley water formula and farina in amounts of from 83 to 120 calories 
per kilogram of body weight. Diarrhea and vomiting ceased soon after admis- 


sion and weight gradually increased to 12 pounds 12 ounces when discharged 
Dec. 18, 1920. 


8 lbs... 15 oz. 


Case 1 
0/24/20 


8 Ibs. 


Fig. 1—Weight curves of five patients convalescent from acute intestinal 
indigestion to whose diets was added from % to 2 yeast cake daily for from 
eight to twenty-three days (spaces between blocks). Each space on ordinates 
represents 2 ounces; on abscissae one day. 


Was given one-quarter of a yeast cake daily from Oct. 16, 1920, to Oct. 
24, 1920 (eight days). Diet remained unchanged. Weight remained practically 
stationary during this period (Chart 1). 

Case 4 (23,773).—M. D., white, female, aged 7 months, admitted to Harriet 
Lane Home Aug. 27, 1920; weight, 13 pounds 2 ounces. Diagnosis: Acute 
intestinal indigestion. 

Family History.—Negative. 

Past History—Negative, except for nutritional disturbances. 

Present Illness—Onset Aug. 14, 1920, with diarrhea and vomiting. 

Treatment.—Given protein milk, buttermilk and finally whole milk and water 
formula and farina in amounts of from 70 to 116 calories per kilogram of body 
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weight. Diarrhea and vomiting ceased soon after admission and weight after 
falling to 10 pounds 2 ounces gradually increased to 13 pounds 3 ounces when 
discharged Jan. 9, 1921. 

Was given one-quarter of a yeast cake daily from Oct. 16, 1920, to Oct. 
26, 1920 (ten days). Diet remained unchanged. Weight increased slightly at 
first, but the patient became very distended during this period. In the last two 
days of yeast therapy, diarrhea and refusal of food developed. She had had 
several similar upsets prior to yeast therapy (Chart 1). 

Case 5 (26097).—W. T., white, male, aged 6 months, admitted to Harriet 
Lane Home Sept. 7, 1920; weight, 7 pounds 6 ounces. Diagnosis: Acute 
intestinal indigestion. 
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Fig. 2.—Weight curves of three patients with chronic intestinal indigestion 
to whose diet was added %4 yeast cake daily for from ten to twenty-two days 
(spaces between blocks). Each space on ordinates represents 2 ounces, on 
abscissae one day. 





Family History.—Negative. 
Past History.—Negative, except for nutritional disturbances. 
Present Illness—Onset Aug. 1, 1920, with diarrhea. 
Treatment.—Given protein milk, woman’s milk, buttermilk and finally whole 
milk and barley water formula and farina in amounts of from 86 to 125 calories 
per kilogram of body weight. Diarrhea ceased soon after admission and weight 
gradually increased to 9 pounds 10 ounces when discharged Jan. 1, 1921. 

Was given one-quarter of a yeast cake daily from Oct. 19, 1920, to Oct. 28, 
1920 (nine days). Diet remained unchanged. During this period the patient’s 


weight did not increase more rapidly than before and after yeast therapy 
(Chart 1). 
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Case 6 (23907).—K. W., white, male, aged 21% months, admitted to Harriet 
Lane Home Feb. 9, 1920; weight, 14 pounds 6% ounces. Diagnosis: Chronic 
intestinal indigestion. 

Family History.—Negative. 

Past History.—Negative. 

Present Illness.— Onset August, 1919, with vomiting, progressive loss of 
weight and slight diarrhea. 

Treatment.—Given protein milk, woman’s milk, buttermilk, junket, farina, 
eggs, meat and vegetables in amounts of from 80 to 107 calories per kilogram 
of body weight. The symptoms ceased soon after admission, and the weight, 
with the exception of six digestive upsets, gradually increased to 23 pounds 8 
ounces when discharged March 26, 1922. 

Was given one-quarter of a yeast cake daily from Oct. 16, 1920, to Oct. 26, 
1920 (ten days). Diet remained unchanged. The patient’s distension became 
more marked, and after four days of yeast therapy, a digestive upset occurred 
with diarrhea, rapid loss of weight and slight fever (100 F.). The patient 
had had similar digestive disturbances previously (Chart 2). 

Case 7 (25261).—T. E., white, male, aged 2 years. Admitted to Harriet 
Lane Home July 2, 1920; weight, 16 pounds 2 ounces. Diagnosis: Chronic 
intestinal indigestion. 


Case 9 
10/20/20 


ibs., 7 oz. 





Fig. 3—Weight chart of mentally and physically retarded patient, to whose 
diet was added % yeast cake daily for eleven days (spaces between blocks) 
and later from % to 1 ource of fresh veal liver daily for thirty days (spaces 
between arrows). Each space on ordinates represents 2 ounces, on abscissae 
one day. 


Family History.—Negative. 

Past History.—Negative. 

Present Illness —Onset June, 1919, with loss of appetite, distension and pro- 
gressive loss of weight. 


Treatment.—Given protein milk, buttermilk, junket, farina, eggs and meat in 
amounts of 80 to 97 calories per kilogram of body weight. Symptoms improved 
soon after admission but the weight remained practically stationary and then 
fell to 15 pounds 7 ounces when discharged Nov. 13, 1920. 

Was given one-quarter of a yeast cake daily from Oct. 13, 1920, to Nov. 
4, 1920 (twenty-two days). Diet remained unchanged. During this period the 
weight did not increase more rapidly than before and after yeast therapy 


(Chart 2). 


Case 8 (20766).—A. B., white, female, aged 22 months. Admitted to Harriet 
Lane Home Sept. 13, 1920; weight, 11 pounds 2 ounces. Diagnosis: Chronic 
intestinal indigestion. 


Family History.—Negative. 
Past -History.—Negative. 


Present Illness—Onset July, 1920, with diarrhea and progressive loss of 
weight. 
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Treatment.—Given protein milk, woman's milk, buttermilk, junket and meat 
in amounts of from 90 to 111 calories per kilogram of body weight. Diarrhea 
ceased soon after admission and weight gradually increased to 16 pounds 7% 
ounces when discharged, June 28, 1921. 

Was given one-quarter of a yeast cake daily from Oct. 16, 1920, to Oct. 27, 
1920 (eleven days). Diet remained unchanged. During this period the weight 
did not increase more rapidly than before and after yeast therapy. The patient 
became moderately distended (Chart 1). 

Case 9 (24913).—E. S., white, female, aged 11 months. Admitted to Harriet 
Lane Home May 19, 1920; weight, 11 pounds 2 ounces. Diagnosis: Mental and 
physical retardation of development. 

Family History.—Negative. 

Past History.— Premature (7 months); birth weight, 2 pounds 4 ounces; 
otherwise negative. 

Present Illness—Failure to gain in weight. 

Treatment.—Given whole milk, barley water and sugar formula, buttermilk, 
farina, maltsoup and broth in amounts of from 8 to 164 calories per kilogram 
of body weight. Weight increased very slowly to 13 pounds when discharged, 
June 9, 1921. 

Was given one-quarter of a yeast cake daily from Oct. 27, 1920, to Nov. 
7, 1920 (eleven days). Diet remained unchanged. The weight remained 
stationary. 

As fresh veal liver is reported to be rich in vitamins A and B,° % ounce of 
this was given daily from Nov. 9, 1920, to Nov. 25, 1920. The amount of veal 
liver was then increased to 1 ounce daily and continued until Dec. 9, 1920 (a 
total of thirty days). Diet otherwise remained unchanged. The gain in weight 
during this period was no greater than in other periods without veal liver 
therapy (Chart 3). 

SUMMARY 


1. Acute Intestinal Indigestion—These six patients (Chart 1) had 
recovered from the acute diarrheal stage of the condition, and their 
weight and “tolerance” for food were slowly but gradually increasing. 
The weights of these six infants did not increase more rapidly during 
the period of yeast therapy than prior to the experiment. No improve- 
ment in their general condition could be noted. In fact, two patients 
during the period of yeast feeding developed diarrhea and rapid loss 
of weight. However, these infants had had similar upsets previously 
so that the yeast may not have been altogether responsible for these 
relapses. 

2. Chronic Intestinal Indigestion—These three patients (chart 2) 
were in no way benefited by yeast therapy. They all became distended ; 
their weight showed no increase that could be attributed to yeast, and 
one infant had a severe relapse of diarrhea and loss of weight. Yeast, 
however, may not have been responsible for this last result for the 
patient had had similar attacks prior to yeast therapy. 

3. Physical Retardation —This patient (Chart 3) although without 
demonstrable intestinal disease, had failed to gain in weight, in spite 
of being fed an apparently adequate diet. Yeast therapy, or even 
feeding fresh veal liver, which is rich in vitamins,° had no effect, either 
beneficial or harmful, in this instance. 
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CONCLUSION 


As far as may be judged from this very limited series of cases, 
the administration of yeast to patients convalescent from acute intestinal 
indigestion, to infants suffering from chronic intestinal indigestion and 
to a physically retarded child is without benefit and may possibly be 
harmful. 




















RABBIT HAIR ASTHMA IN CHILDREN * 





BRET RATNER, M.D. 
NEW YORK 


Walker has notably added to our better understanding of asthma 
by giving an extensive working foundation. Many other workers have 
since contributed large series of studied* cases. They all, however, 
report a certain number of cases in which the causative agents could 
not be found. Walker,’ for example, found 50 per cent. which did 
not react to any proteins. In the most recent classification by Racke- 
mann,” 41 per cent. of the true asthmatics did not react to proteins. 
Naturally, in work of this kind there are many factors which make it 
difficult to study cases completely, and were it possible for investigators 
to do so more exhaustively, the unclassified group would undoubtedly 
be smaller. Our series of cases offers an example of just such a group 
which would have remained unclassified had it not been our good for- 
tune to discover the offending protein in the first case which suggested 
the search for the others. In this way workers are continuously draw- 
ing attention to new substances—and it might be better therefore to 
always consider an unclassified case as one temporarily undiagnosed, the 
causative agent of which may some day be found. 

Historical.—Blackley,’ in 1873, reports the first case in the literature 
of a man, aged 54, who since the age of 17 showed symptoms of 
asthma whenever in the presence of rabbits. Recently Freeman ‘* 
reported a case of “a man who has always hated the presence of 
rabbits, or rabbit meat or rabbit skin. He is devoted to shooting but 
always has to get the keepers to put him where there have not been 
rabbits about, otherwise he knows he will not hit a bird.” Sporadic 
cases are cited of laboratory workers who get attacks of asthma when 
working with rabbits, and persons whose attacks are precipitated by 
contact with pets. In all these cases it has been direct contact with 
the animal which has brought about the reaction. Several writers 
have obtained positive reactions to rabbit hair in their routine skin tests, 


but make no mention of the source. One of these is deBesche,® who 


* Received for publication, June 20, 1922. 
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in his interesting paper on horse asthma mentions the cases of two 
persons who also reacted to rabbit hair. He refers to another patient 
whose asthmatic attacks were precipitated by the material in the mat- 
tress and pillow which contained a mixture of horse, cow, cat hair and 
wool, the removal of which cured the patient. Vander Veer,*® however, 
cites the only case which we have been able to find in the literature 
of asthma which was caused by rabbit hair found in the pillows on 
which the patient slept. He states that this is an extreme case, but 
from our experience it does not appear to be so rare. 


CASE REPORTS? 


CasE 1.—J. R., boy, 5% years of age, was referred to our clinic more than 
a year and a half ago suffering from asthma. His family history was abso- 
lutely negative for any form of protein sensitization. The child had been 
perfectly well up to 6 months of age; from that time on he suffered from 
repeated attacks of coryza, and at the age of 1 year (after the family moved 
to Coney Island) he developed his first attack of asthma. He continued to 
have these attacks, and during the year prior to admission they-had become 
more frequent and more severe. They were invariably preceded by running 
nose, sneezing, watery eyes and cough. These prodromata would last for about 
a day, and at night his asthmatic attack would precipitate, with a gradual sub- 
sidence after two to three days. Vomiting and loss of appetite attended all 
attacks. 

The mother insisted that something in Coney Island caused these attacks 
because the child had never suffered from asthma before they moved there, 
and whenever she visited with him in Albany or Hudson he was free from 
attacks. The child was tested repeatedly with all the proteins we had on 
hand—food, bacterial, and animal (rabbit hair was not one of the stock pro- 
teins at that time), and they were all negative. The child continued to have 
his attacks, however, and they became more frequent and more severe. But 
we could do nothing further and this case had to be classified as unsolved. 

Several months later the child in one of his severe attacks was advised 
admission into the hospital and made a very rapid recovery. On the night 
of his return to his home he promptly developed another severe attack which 
lasted for three days. A week later I was hurriedly summoned to the child— 
this was my first home visit. I found the child at the height of a most intense 
attack. I noted on the blanket covering the child a great many small fine 
hairs. I ordered the child to another room, and opened all the pillows, the 
mattress and comforter. They all contained what appeared to be rabbit hair. 
Here I felt that we had probably discovered the cause of the child’s asthma. 
I ordered the pillows, etc., to be removed, and the house thoroughly cleaned. 

Several days later the boy was tested and he gave positive reactions to 
the cutaneous test with the hairs removed from the pillows, and with the pro- 
tein extract prepared by the Arlington Chemical Company. To further prove 
to the mother that the child was sensitive to rabbit hair, the child was taken 
to the laboratory and was given a rabbit to play with. After five minutes he 
began to complain that the room was getting very close, to rub his nose, and 
then to sneeze. I asked him to play with the rabbit more vigorously, to run 
after it and pull its fur. He sneezed again, rubbed his nose, and his eyes 
became watery. His breathing by now was extremely heavy and he felt very 
sick. This state became progressively worse, and in a few minutes he devel- 
oped a typical severe attack of asthma. The entire sclera of the right eye 
became congested, the conjunctiva and eyelid markedly edematous, giving a 
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beautiful picture of angioneurotic edema. On examination a rabbit hair was 
found in the eye. A hypodermic injection of epinephrin promptly relieved the 
asthma and eye condition, but the asthma recurred that night in a mild form. 

This child has been under my observation continuously and has been free 
from attacks, except once or twice when we have been able to trace them to 
attempts at desensitization or contact with bedding containing the rabbit hair— 
and once when playing with a toy made of rabbit hair. 


This case was so impressive that we immediately sent word to three 
other patients who repeatedly gave negative reactions to the various 
proteins. All were positive to rabbit hair. 


Case 2.—S. G., boy, aged 9% years. Family history absolutely negative for 
protein sensitization. Since his early infancy, the mother states, the child 
had attacks of what might have been asthma, and as far back as she can 
remember he has always suffered from coryza and recurrent bronchitis. Mother 
dates his first real attack at about 1 year of age. Asthma has been repeatedly 
diagnosed at different hospitals since then. 

Attacks usually start with a dry cough and almost invariably precipitate 
between 12 midnight and 1 a. m.; they generally last for two or three days, 
during which time the child would vomit his food and feel generally sick. 
They occur perennially once every week or two. They have, however, become 
less frequent, now occurring every five or six weeks. 

The mother attributed his attacks to eating candy and running around on 
the street, coming into the house all tired out. However, after going through 
the gamut of our proteins, we could not locate the source of his trouble. We 
tested this boy with rabbit hair and were rewarded with a positive reaction. 

[ then questioned the mother about her pillows. She was quite certain that 
they were filled with goose feathers, and stated that the child had slept on them 
from birth. But the following day she returned with a bag full of rabbit hair 
obtained from the pillows. I took some of this hair, had the child breathe it in, 
and rubbed some into his nose. While he did scratch his nose and sneeze, 
no asthmatic attack ensued. A little disappointed I took the boy to the ani- 
mal house. The child held the rabbit in his arms and shook the fur. In a 
few minutes his eyes became watery, nose itchy, with a slight mucus discharge. 
By now asthmatic wheezes were heard in the chest, but no attack developed. 
However, I told the mother to be sure to discard the pillows that night. The 
next day the mother telephoned to advise me that the child had had an 
extremely severe attack following his return from the hospital. 

This boy is still under my observation and is free from attacks—with the 
exception of several attacks which were caused by injections or exposure to 
rabbits. 

Case 3.—M. R., boy, aged 7 years. Family history is negative for asthma, 
etc. For the first two years of his life the child was perfectly well. At the 
age of 2 the family moved from Brooklyn to Providence, where they lived 
at the home of the grandmother. On his arrival he contracted a cold, devel- 
oped diphtheria, and two weeks later pneumonia. He was in the hospital three 
weeks, dangerously iil. However, he recovered, and was brought home in a 
very weakened condition. A week after his return from the hospital he 
developed his first attack of asthma. 

He then moved to New Bedford to live with his mother’s sister, where he 
had repeated attacks occurring every two weeks. They were always preceded 
by sneezing, coughing, and suffusion of the eyes; asthma would then set in 
and last for three days. The child always complained of pains in the stomach 
region and would vomit a great deal. The mother then lived with another 
sister in Providence for several months and there the child was free from 
attacks. 

On his return to New York the attacks recurred and continued. As in the 
other two cases, all tests reacted negatively until we tried the rabbit hair. 
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The home was carefully investigated, but no trace of rabbit hair was found in 
pillows or other bedding. In this case it was the father who was at fault. He 
was employed in a men’s hat factory, and his duties were to rub down the 
rough felt with pumice. Investigation revealed a tremendous amount of finely 
broken up hairs on his clothing and person. A letter from a Danbury hat 
factory stated that rabbit fur was used in the manufacture of practically all 
felt hats. Dust from the factory was extracted and gave a positive skin reac- 
tion in this case and all the other cases of rabbit hair hypersensitiveness. 

This child, too, was given a rabbit to play with, but developed no reaction 
until four hours later. It is interesting here to note that this child gave the 
greatest skin reaction of any of the cases, and showed the slowest clinical 
response. The attack lasted for two whole days and adrenalin injections gave 
only temporary relief. 

The mother visited the homes in Providence and New Bedford, and returned 
with rabbit’s hair from the pillows. The pillows in the home of the sister 
where he had been free from attacks, however, contained goose feathers. 

The father has been advised to take the greatest precaution to remove all 
the factory dust after the day’s work. The child still continues, however, to 
have occasional attacks which are probably due to the fact that the father can- 
not free himself entirely from this dust. 


Case 4.—I. M., boy, 7% years old at the time of admission. The same 
situation prevailed as in the former cases. The mother dates the first attack 
of asthma from 8 months of age; and from earliest infancy the child has had 
coryza and bronchitis. He has practically never been free from attacks, and 
the intervening times between attacks he always suffered from chronic coryza. 
His attacks also lasted from two to three days and the child also vomits 
during attacks and suffers loss of appetite. The search for rabbit hair was 
very discouraging, but the offending pillow was finally located. He had used 
this since birth, When it was opened much of the contents floated into the 
room and the child developed an attack of asthma. A clinical test with a live 
rabbit resulted similarly to the other cases, but this child, in addition, devel- 
oped large urticarial wheals wherever the hairs rubbed against the face or 
body. This child has improved tremendously since removal of the pillows but 
has suffered several attacks in the past year which were directly traced to 
rabbit hair at a neighbor’s home. 

Case 5.—H. G. During our studies the two brothers of Case 2 always came 
to the clinic. One day when all the asthmatics were playing vigorously with 
the rabbits, these two children (aged 6 and 3, respectively), also joined in 
the sport. After I had examined my patients I was attracted to the 6 year old, 
who had suffused eyes, running nose and rapid breathing. Examination dis- 
closed definite asthmatic wheezes. I immediateiy tested him with rabbit hair 
and obtained a positive skin test. The mother then recalled that three years 
before, after he had undergone a mastoid operation and a rather severe pneu- 
monia, he had what she now thinks might have been asthma, though she 
never thought further of it. This child, it will be noted, also slept on the pillow, 
but inasmuch as it had been removed—for a year and a half now—has shown 
no further attacks. 


Case 6.—M. S., a boy, 9 years of age, came to the clinic a year and a half 
ago, before the aforementioned cases had come to my notice. The child at 
that time reacted to lactalbumin and beef. After our initial studies this boy 
failed to return. During the period of absence the child suffered continuously 
from asthma, the attacks coming on usually at night. Before taking any 
further steps at this visit I requested the mother to bring me samples of the 
pillows and other bedding. Three of the pillows contained rabbit hair. A 
cutaneous test was made with these hairs and the regular rabbit hair protein 
and in both cases positive reactions were obtained. It might be interesting to 
note that the child had asthma for the past six years and the pillows had 
been in the possession of the family six and one half years. 
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Case 7.—G. H., a girl, aged 5. Father a hay-fever sufferer. Last winter 
the child suffered from colds and recurrent bronchitis. This year still suffered 
from coryza, but to a much less extent. I was attracted to the child’s hat, 
which was made of rabbit fur. I noted that the hairs flew off easily. On 
further questioning I was informed that last year the child had worn an 
entire coat made of the same fur. The mother noted that the hairs were 
easily shed, and therefore discarded the coat this winter. A cutaneous test for 
rabbit hair revealed a positive reaction, and I advised discarding the fur hat. 


Case 8.—M. M., 20 months old, since infancy has suffered from coryza and 
recurrent bronchitis; has had about six attacks of asthma this past year; gave 
a positive skin test to rabbit hair. A visit to the home revealed a large pillow 
filled with the hair which was used only occasionally. On questioning the - 
parents, the father recalled that the previous summer when the child played 
with a rabbit he got a severe attack of asthma. This occurred in the country 
and the family immediately returned to the city. No importance was attributed 
to this at that time. The fact that the pillow was used only occasionally 
accounts for the infrequency of the attacks. I might bring out a further 
interesting fact: this pillow was given the family by an aunt who has since 
died of tuberculosis and who had always suffered from asthma. 

DISCUSSION 

Distribution of rabbit hair—Rabbit hair as an etiologic factor at 
first hand seems of little practical significance, but strangely enough this 
particular hair was disclosed to have a very wide distribution. The soft 
downy fur immediately next to the rabbit skin is used in the manu- 
facture of practically all felt hats, and therefore the rabbit hair which 
covers this fine fur is discarded and sent broadcast to be used in the 
various manners so nicely brought out in the above cases. Insofar as 
it is used in pillows, comforters, mattresses, as furs, and children’s 
clothing, toys, and is found in felt hat factory dust, and because the 
animal itself is used in laboratories and as pets, rabbit hair as a 
potential factor in the production of asthma should be placed in the 
first rank, along with horse hair, goose and chicken feathers. 


Attempts at desensitization with some interesting reactions and 
observations —An attempt was made to desensitize the first four cases 
by repeated gradually increasing doses of the rabbit hair extract. We 
have utterly failed to accomplish our purpose and have only succeeded 
in leaving the patients as sensitive as they were before. However, the 
failure may partly be due to the fact that we chose the rapid method 
of desensitization. I will not go into a detailed report of the many 
months these cases were worked with but will indicate some findings 
and conclusions we arrived at. 

Itching at the point of injection seems to indicate that we should 
go to a higher dilution, that we are approaching the threshold. Any 
local reaction, particularly one that persists for quite a time, indicates 
that we are above the threshold of tolerance, and that we should go 
back to a much weaker dilution. 

Biologically every case varies and we should be prepared for any 
exigency which may occur, by always having epinephrin at hand. This 
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was illustrated by Case 2. We thought the child was becoming rapidly 
desensitized, and of all the cases showed the least reactions. When 
we were giving a rather large dose, 0.4 c.c. 1:500, to him—using exactly 
the same dose, the same material and the same syringe with Case 4—the 
child in a few minutes began to show signs of acute reaction, marked 
scratching, dyspnea, pain in the chest, and moderate cyanosis. The 
child vomited and then became markedly asthmatic. Fifteen minims 
of epinephrin were immediately given and after being observed for two 
hours, the symptoms gradually subsided. He was then sent home, and 
that night developed marked urticaria and for the next few days was 
extremely sick, still suffering from asthma. The child in Case 4 took 
the injection without any trouble—although he had apparently been the 
more sensitive of the two. 

With Case 3, after showing local reactions of small wheals and 
indurations to the first three injections, which were very small 0.05, 
1: 100,000, when the fourth dose was given, 0.08, the child developed 
a large urticarial wheal which became larger and larger until it 
gradually involved the whole forearm. That night he developed a 
severe attack of asthma which lasted for six days. With every case 
we had asthmatic attacks as a direct result of overstepping the warning 
of local reactions. 

After these various accidents occurred we returned to much weaker 
dilutions and injected at weekly intervals. But after this had received 
a thorough trial the patients were found to be just as sensitive. Further 
studies will be made with new cases and from our experience we would 
strongly urge that one always work with much weaker dilutions than 
shown by the skin tests and regard all local reactions as impending 
danger and therefore go slowly. 

Rackemann* discusses two interesting reactions during treat- 
ment with horse hair extract which are the exact prototypes of Cases 2 
and 3. In the first case, which developed severe symptoms, he struck 
a vein. His conclusions, which agree with mine, are: “The acute 
shock illustrates well the danger which always exists in the treatment 
of these cases regardless of the size of dose or care of administration. 
The typical serum disease with all its clinical manifestations illustrates 
another danger and furthermore suggests a possible accumulation of 
antigenic substance in the cells with explosive manifestations when 
this accumulation has reached a certain point.” A further explanation 
for our acute reactions may be found in the recent work of Lewis,®° who 
concludes that absorption of serum from the subcutaneous tissues is 


8. Rackemann, F. M.: Interesting Reactions Obtained During Treatment 
of Two Cases of Bronchial Asthma, J. A. M. A. 69:889 (Sept. 15) 1917. 

9. Lewis, J. H.: Route and Rate of Absorption of Subcutaneously Injected 
Serum in Relation to Occurrence of Sudden Death After Injection of Anti- 
toxic Horse Serum, J. A. M. A. 76:1342 (May 14) 1921. 
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very slow and the main route of absorption from the subcutaneous 
tissue is through the lymphatics; and because of the suddenness with 
which acute symptoms appear he feels that the instances of acute death 
in man following subcutaneous injections are due to an accidental intra- 
venous injection. The need of care to exclude as far as possible the . 
injury to a subcutaneous blood vessel during subcutaneous injection 
is indicated. 

Dosage and Temporary Desensitization—The question has always 
arisen in our minds why Case 2 almost invariably got his attacks about 
twelve, midnight. Was it because going to bed at 8:00 p. m. it took 
about four hours before he inhaled a sufficient amount of the hair to 
produce his attack? In Case 3 asthma did not develop until four hours 
after playing with the rabbit. Another patient, who previously had 
reacted as the others did, several months later was told to stand at the 
farther end of the laboratory while the other boys played vigorously 
with the rabbit. All the others developed asthma, and he alone only 
showed symptoms of suffusion of the eyes and sneezing which passed 
off readily. Another boy had no asthma while we were hunting for 
the offending pillow at his home, but when the pillow was opened, the 
hair floating into the small room, with the boy near by, brought on an 
attack. One has but to see a beam of sunshine striking a dust filled 
room to realize what a tremendous dosage can thus float in the air. 
These instances all indicate the importance of dosage. 

If these children are refractory between the attacks, for weeks at 
a time, the explanation might be one of small dosage, but more likely 
one of desensitization. For example, Case 2, who developed a severe 
reaction after a large injection, did show this refractiveness when 
brought in contact with the rabbit six days later, for he had absolutely 
no asthma after vigorous playing ; but several weeks later, when similarly 
exposed, an attack of asthma did ensue. This case was the only one 
who lost his skin sensitivity during this apparently insensitive period. 
This loss of skin reactivity has been brought out by Schloss ?° in his 
article on allergy. 

Are These Cases Acquired or Hereditary?—Many questions arise in 
a study of this sort which must of necessity still await absolute scientific 
proof. A most pertinent question that arises in the mind of every 
investigator in this field is whether cases of this kind are hereditary or 
acquired. A great number of cases give a family history of disturbances 
probably due to allergy. Cooke and Vander Veer,’ Longcope *? and 


10. Schloss, O. M.: Allergy in Infants and Children, Am. J. Dis. Child. 19: 
433 (June) 1920. 

11. Cooke, R., and Vander Veer, A.: Human Sensitization, J. Immunol. 1: 
201 (June) 1916. 

12. Longcope, W. T.: The Susceptibility of Man to Foreign Proteins, Am. 
J. M. Sc. 152:625 (Nov.) 1916. 
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others favor the hereditary view. Other reports, however, indicate the 
possibility that the condition may be acquired. Walker? cites the 
case of a woman whose asthma when coming in contact with harses 
developed after an injection of horse serum. Duke ** cites another case 
of an individual who became sensitive to honey after being stung by a 
bee. Schloss *° submits strong evidence for acquired sensitization. In 
thirty-three out of eighty cases Schloss obtained no history of allergic 
disturbances in the family. Of these thirty-three persons, however, 
sixteen developed symptoms the first time a particular food was eaten, 
so that the condition was in all probability congenital, although there 
was no history indicating that it was inherited. In the remaining seven- 
teen cases, he states, the food in question was eaten some time before the 
characteristic symptoms appeared. And his conclusion is that the only 
explanation for this group is that sensitization was acquired. 

Histories are to a great extent worthless as evidence of absolute 
proof for any given viewpoint. However, after a most careful investi- 
gation we were unable in our cases to find any history or other evidence 
which might indicate hereditary acquisition and since in all of our cases 
prolonged contact with the rabbit hair in early infancy preceded devel- 
opment of the attacks we are inclined to favor the view that the 
condition, in these cases at least, was an acquired one, as Schloss has 
found with his series of cases. 

Is the Hair Itself the Inciting Substance ?—Practically all writers on 
animal hair sensitization have had their patients affected by direct 
contact with. the animal, and it was difficult to eliminate factors other 
than the hair. But in our series where ail the patients came in contact 
with the hair in an absolutely dry state, as the pillows, etc., were many 
years old and the extract of this hair gave positive skin tests there 
can be little question of the responsibility of the hair itself for the 
condition. JI might add that in two cases a skin reaction was also 
obtained to the dyed rabbit hair. 

Few patients sensitive to animal hair also react to the serum. Racke- 
mann * tells of thirty-seven patients who reacted positively to horse hair 
only five reacted to horse serum as well. Walker*® out of nine cases 
found that only one reacted to both horse hair and serum. Of our 
series only one reacted to rabbit serum. 

The lack of correlation between sensitiveness to the hair and similar 
susceptibility to the serum requires further investigation. 


13. Duke, W. W.: Food Allergy as a Cause of Abdominal Pain, Arch. Int. 
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Med. 22:517 (Oct.) 1918. 
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Analysis of Symptoms.—The majority of our patients suffered 
from chronic coryza and recurrent bronchitis from earliest infancy. 
Walker,'® Missildine,‘*7 Marfan '* and Mason ?® also find that in infants 
and children who develop asthma there is practically always a history 
present of the subjects having had repeated colds and recurrent bron- 
chitis long before their asthma developed. 

In analyzing the symptoms of these cases it will be noted that apart 
from the running nose, sneezing, suffusion of eyes and asthma, virtually 
all the patients complained of pain in the stomach region and vomiting ; 
that when a hair got into the eye angioneurotic edema and conjunctivitis 
ensued, and that local contact with the skin caused urticaria. The 
vomiting might be brought about by nervous reflex stimulation or by 
swallowing the hair or juices which irritate the stomach mucosa. It is 
conceivable too that chronic eye conditions like blepheritis or conjunc- 
tivitis might come about from continued contact with the hair, and it is 
common knowledge that animal hair can produce chronic eczema. A 
classical case was that cited by Markley *° whose patient had a most 
severe “anaphylactoid dermatitis” over her head, face, chest, back and 
hands which was finally traced to a pet guinea-pig which crawled up 
her arms and shoulders whenever she cleaned his cage. Cure ensued 
upon the removal of the animal, although she had been refractory to a 
year’s treatment prior to this discovery. In view of the above, vomit- 
ing and eczema should not be regarded as foreign to animal hair 
hypersensitiveness. 

CONCLUSIONS 

Rabbit hair as an etiologic factor in the production of asthma would 
at first hand appear to be of little practical significance. But as we 
have shown its distribution is very wide spread, and it should be placed 
second to horse hair as a causative agent in the keratin group of 
asthmas. 

While we have not been successful thus far in desensitizing this 
group of cases the removal of the hair is easily accomplished and avoid- 
ing the hair relieves the patients of all symptoms. In attempts at 
desensitization attention is called to certain dangers inherent in this 
form of treatment, and adrenalin should always be kept on hand to 
cope with any exigency which might arise. 

Dosage undoubtedly plays a great role in the actual production of 


attacks. 
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Human beings are capable of showing what might be called tempo- 
rary desensitization. 

Eczema, vomiting, angioneurotic edema, urticaria, conjunctivitis 
may all occur as a direct result of contact with animal hair, besides 
the classical symptoms of asthma. 

In spite of most careful investigation we were unable in our cases 
to find any history or other evidence which might indicate hereditary 
acquisition, and since in all of our cases prolonged contact with the 
rabbit hair in early infancy preceded development of the attacks we 
are inclined to favor the view that the condition, in these cases at least, 
was an acquired one. This differs distinctly from the point of view of 
Cooke, Vander Veer, Longcope and others. 

We would like to suggest that rabbit hair, and all fine dust pro- 
ducing substances, be kept out of pillows, mattresses, clothing and 
toys, etc., that are used for infants and young children. Infants 
suffering from chronic coryza and recurrent bronchitis should be care- 
fully studied from the standpoint of their being potential asthmatics. 


- 
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CLINICAL DEPARTMENT 


DIAPHRAGMATIC HERNIA IN A NEW-BORN 





REPORT OF A _ CASE * 


CLARA M. DAVIS, A.B., M.D. 
Senior Assistant in Pediatrics, Mt. Sinai Hospital 


CLEVELAND 


Congenital diaphragmatic hernia, due to weakness or defect of one 
of the several fibrous portions of the diaphragm, is no longer considered 
as an extremely rare condition. Occasionally remaining symptomless 
throughout life, the condition has in several instances furnished a 
necropsy surprise and its recognition in.infancy or later life has most 
often been due to the occurrence of chronic digestive disturbances or 
acute obstruction of some portion of the intestine. 

In the case reported herewith, the circumstances that the infant was 
born in the hospital; that it was under observation throughout life; 
and that it was breast fed and at no time suffered any other illness, 
accident or disease, make the clinical features manifested as a result 
of the hernia unusually clean cut. 

These are: (1) an acute and alarming respiratory syndrome due 
to the presence of almost all of the intestine in the left thorax, but with 
no gastro-intestinal symptoms; (2) subsequent anatomic alteration of 
the growing infantile thorax and abdomen in response to the altered 
location of viscera, and (3) the inclusion of the stomach in the hernia, 
with a high degree of obstruction at the cardia. 

Figure 1, a schematic drawing of the diaphragm taken from an 
article by Keith,; who made an anatomic study of the specimens of 
diaphragmatic hernia in the British Medical Museum, shows the fibrous 
“weak spots” in the diaphragm, through which hernia of the abdominal 
contents into the thorax may take place. The number of cases in his 
series occurring through each of these potential openings is also 
indicated. 

The physical and roentgenologic examinations made it reasonably 
certain in this case that the hernia took place through the “left pleuro- 
peritoneal passage,” i. e., in the most common location. 





* Received for publication May 1, 1922. 
*From the Medical Department of Mt. Sinai Hospital. 
1. Keith, A.: Remarks on Diaphragmatic Hernia, Brit. M. J. 2:1297, 1912. 
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REPORT OF CASE 


H. B., the second child of Russian Jewish parents, was born Nov. 30, 1920, 
at Mt. Sinai Hospital. 

History.—There was no history of hernia or developmental defects among 
the immediate relatives. He was born at full term, weighed 4,120 gm., cried 
promptly after birth, had good color, and no abnormalities of any kind were 
noted. He nursed well, began to gain in weight on the fourth day; had no 
vomiting, jaundice, or bad stools, and until the eighth day, no cyanosis, pallor, 
or respiratory difficulty. 

On the eighth day the infant had two transitory attacks of slight cyanosis 
with rapid breathing for which examination revealed no cause, the lungs and 
heart being found normal, and the heart in the normal left side position. The 
following morning, shortly after nursing, he suddenly became intensely cyanotic, 
with rapid, dyspneic respiration, and lay limply in the dorsal position, with an 
appearance of impending exitus. The cyanosis was somewhat lessened by 
removing a rather snug abdominal band, and much more by holding the child 
in a vertical position, but recurred promptly when the child was laid down. 





Fig. 1—Diagram (from Keith) to show the sites of diaphragmatic hernia. 
Upper, or thoracic, aspect of diaphragm represented. 1, Sternum; 2, peri- 
cardium; 3, inferior vena cava; 4, aorta; a, sternocostal site, 5 cases; b, 
esophageal orifice, 1 case; c, central site, 2 cases; d, left pleuroperitoneal pas- 
sage, 17 cases; e, into pericardium, 3 cases; f, through right leaflet of dia- 
phragm, 2 cases; g, right pleuroperitoneal passage, 4 cases. 


Examination.—The respiration rate was from 96 to 100 per minute and in 
inspiration the upper portion of the anterior thorax was pushed forward and 
outward, especially on the right, while the lower part of the sternum and inner 
portion of the costal borders was retracted. There was no movement of the 
outer portion of either costal border. No cardiac impulse could be seen, but 
by palpation and auscultation the apex was found to be in the fourth right 
interspace, 1 cm. inside the nipple line, and percussion outlined a correspond- 
ing area of cardiac dulness. Except for this, the right thorax was everywhere 
hyperresonant, while the left side was tympanitic throughout, the tympany 
being of the highest pitch and most intense in the axilla. No breath sounds 


could be heard on auscultation of the left chest, except at the apex. where 


they were faint but vesicular. 
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The abdomen was fuller above the umbilicus than below, and without gen- 
eral or local rigidity or tenderness. There was a complete absence of the 
usual tympany except in the left hypochondrium. A small, smooth, ovoid, 
mass (kidney? spleen?), freely movable, could be palpated in this region. 

Diagnosis. — A diagnosis of left diaphragmatic hernia, due to congenital 
defect of the diaphragm, was made, and from the absence of vomiting or other 








Fig. 2.—Roentgenogram taken one and one-half hours after barium milk 


feeding. 


gastro-intestinal symptoms it was thought that the stomach was not involved 
in the hernia and that there was no obstruction. This was confirmed by 
fluoroscopic and roentgenographic examination after an opaque meal, which 
showed the stomach to be normal in appearance and position while all of the 
intestine from the duodenum to the descending colon was above the diaphragm 
in the left chest and the heart was displaced into the right chest. 
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Treatment.—Since cyanosis and respiratory embarrassment were greatly 
relieved by holding the infant in a vertical position, it was fastened firmly to 
a board of proper size by means of bandages, and the board elevated at an 
angle of more than 45 degrees. 

Relief by postural treatment was marked and immediate. The cyanosis 
promptly disappeared, but for several weeks recurred when the baby was put 
in a horizontal position. Nursing, stools and sleep were normal, as was also 
gain in weight, and he was discharged on the fifteenth day, operation at a 
later time in the nursing period having been advised. 

Course-—During the next four months his gain in weight and his general 
condition were so satisfactory that his parents refused to permit operation. 
The process of anatomic adjustment to the unusual location of the intestines 
continued, the anteroposterior diameter of the chest increasing until the child 
had a veritable barrel chest, while a marked precordial bulging developed in 
the right thorax. The muscles of the lower abdomen became firmly contracted, 
increasing the scaphoid appearance of this region, while the outline of the 
lower border of the stomach could be seen from a distance of several feet. As 
the thorax enlarged, cyanosis in the recumbent position disappeared. 

April 15, 1921, when 4% months old, and following a period of several days 
when his mother, acting on her own initiative, had left him off the board and 
given him a small amount of bread and milk, the baby refused the breast at 
the noon feeding and, shortly after, vomited several times, the vomiting being 
projectile in character, but without bile or fecal matter, and accompanied by 
cyanosis, respiratory embarrassment and collapse. A large normal stool was 
said to have been passed about three hours before the onset of vomiting. 


Second Examination—Examination, three hours after onset of symptoms, 
showed the maximum apex impulse still farther to the right than had been 
noted at any previous examination (outside the right nipple line). No area 
of tympany corresponding to the stomach could be found, nor could the outline 
of the greater curvature of the stomach be seen on the abdominal wall, the 
abdomen being scaphoid throughout. These findings, with the history, seemed 
to point to the entrance of at least a major part of the stomach into the left 
thorax. 

Course.—The infant refused everything by mouth and was admitted to the 
hospital the following morning. Moderate cyanosis and dyspnea were present, 
its pulse weak and rapid, its lips dry, and there was considerable loss of 
turgor. Two large normal stools were passed during the day and a daily 
stool thereafter. Vomiting of small amounts of breast milk occurred twice 
during the first two days after admission—after that there was no vomiting, 
the infant appearing nauseated but unable to vomit. Food was taken only in 
small amounts, with apparent difficulty, increase of cyanosis, some dysphagia, 
and no appetite, signs and symptoms pointing to partial obstruction at the 
cardia. This was apparently confirmed by a roentgenogram made after an 
attempt immediately after death to introduce a barium-milk mixture into the 
stomach. 

Death occurred during the fourth week in the hospital, after rapid loss of 
weight in the third, with signs of bronchopneumonia. 

Permission for operation or for necropsy could not be obtained. 


Comment.—What portion, if any, of the intestine was in the thorax 
at the time of birth cannot be known, but the acuteness of the respira- 
tory syndrome, the displacement of the heart occurring within twenty- 
four hours, and the permanent alteration in contour and physical signs 
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of the infant’s abdomen, first evident coincidently with the onset of 


acute respiratory embarrassment, seem to indicate that the greater part 
of the intestine found above the diaphragm entered the thorax between 
the time of examination on the eighth day and the onset of severe 


symptoms on the ninth. 





